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The Antalya Complex is an allochthonous assemblage of mainly Mesozoic sedimentary, 
igneous, and metamorphic rocks, located in the centre of the Isparta angle", a 
sharp bend in the western Tãuride mountain ranges of S.W. Turkey 
In the northeast segment of the Complex, two new groups are defined. The Yuvali 
Group (2 formations) consists entirely of shallow-water carbonate sediments. The 
Pazarkoy Group (10 formations) includes a variety of redeposited and fine-grained 
sediments, shallow-water limestones, and mafic volcanic rocks. tiltramafic plut-
onic rocks of the Egridir Kizil Dag Harzburqite are not assigned to either group. 
The Complex is folded and dissected by faults, but cleavage is only locally devel-
Wed. There are extensive regions of melange and meabreccia. A stack of thrust 
sheets and imbricated slices was formed in a late -Cretaceous episode of northeast-
ward thrusting. Southwest-directed thrusting affected the northeastern part of the 
area during the Tertiary. . - 
Bedded coarse sediments of the Pazarkoy Group range from sandstone to platform-
derived calcarenite; Jurassic to Cretaceous coarse sediments are mainly limestones, 
but ophiolite-derived sediments appear in the late 	Cretaceous, marking the onset 
of deformation. The . -coarse sediments were deposited by sediment gravity flows; 
some flows were channelized, but sequences do not-show the regularities character-
istic of deer)-.sea fan deposition. The interbedded pelagic and hemipelagic fine 
sediments include mudstones, limestones, radiolarian cherts,and hydrothermal 
metalliferous sediments. They were deposited in deeo-water environments both above 
and below a fluctuating calcite compensation depth. Shallow-water limestones of the 
Yuvali and Pazarkoy Groups were deposited in varied reef and platform environments; 
they represent several, separate carbonate banks. 
Igneous rocks of the Pazarkoy Group include alkali basalts extruded in a Late 
Triassic rift system. The Jurassic was a relatively quiescent interval of marine 
sedimentation on thinned continental crust. Initiation of sea-floor spreading 
probably occurred in the Late Jurassic or Early Cretaceous; tholeiitic basalt 
(locally metamorphosed in grenschist facies) and tectonite harzburgite represent 
tectonic fragments of an ophiolite suite. After a short period of spreading, 
convergence of Africa and 'Europe in the Late Cretaceous led to the emplacement of 
the Complex as a stack of thrust sheets. 
Palinspastic reconstruction of the northeast Antalya Complex indicates that the 
limestone massifs which now lie immediately east and west of the Complex were 
originally separated by a wide basin. These massifs cannot both have been contin-
uous with the African continental shelf; they probably represent separate major 
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CHAPTER 1 INTRODUCTION 
1-1 Context 
This study takes. as its-starting point the observation that 
amongst the folded and faulted rock-masses of the Alpine, Ilediterranean, 
and Himmalayan mountain belts are slices of sedimentary and igneous 
rock which. originated in environments analogous to present-day ocean 
basins and passive continental margins. 
Following the workof Gass (19681 and Moores and Vine (197l) in 
the Troodos massif of Cyprus (Figure 1-1), it is now widely accepted 
that ophiolites - associations of mafic and ultramaf Ic igneous rock 
involved as tectonic slices in orogenic belts - represent ancient oceanic 
crust and mantle formed by sea-floor spreading, as is known to occur at 
modern mid-ocean ridges and in marginal basins. Similarly, deep-sea 
drilling of sedimentary rocks of the Atlantic margins reveals many ana-
logies with sediments now preserved on land in complex assemblages of 
nappes and thrust slices throughout the Alpine chains (Bernoulli., 1972; 
Bernoulli and Jenkyns, 1974). These assemblages record the later stages 
in the history of an oceanic basin (the Tethys) which formerly existed 
between Africa and Europe, and which was largely destroyed during the 
Mesozoic and Tertiary northward drift of Africa. 
Although the-Troodos massif is one of the worlds most completely 
preserved and best studied ophiolites, only fragmentary evidence of the 
history of the adjacent continental margins is preserved in Cyprus, in 
the form of sedimentary slice-sheets emplaced in the Late Cretaceous 
(Robertson and Woodcock, 1979; Swarbrick, 1980). However, strikingly 
analogous sediments, showing a wide range of continental, margin facies, 
occur to the northwest of Cyprus in the Antalya Complex of S.W. Turkey 
19 
(Figure 1-1). In addition, the Antalya Complex, includes ophiolites of 
similar age to Troodos, but generally in a more deformed and fragmentary 
condition. The Complex shows evidence of deformation and thrusting in 
latest Cretaceous time, but is also involved in Tertiary structures of 
the Hellenide and Tauride helts (Figure 1-1), which meet, in a north-
pointing cusp known as the "Isparta angle". The relationship between 
the origin of' 'the Isparta angle and the Antalya Complex is poorly known. 
The aim of this study is to investigate the sedimentary and 
tectonic evolution of the margin of the Tethys Ocean as' preserved in 
the Antalya Complex. The results presented are mainly from the area 
immediately east of Egridir (Figure 1-2) 9 selected because of its posi-
tion at the centre of the 'Isparta angle, and'becaüse a relatively com-
plete range of continental .margin.facies is present in this region. 
Complementary work in the southwest of the Complex was. carried out by 
A.H.F. Robertson. (Edinburgh) and N.H. Woodcock (Cambridge) and in Cyprus 
by'R.E. Swarbrick. 
1-2 .Nethod,s and' presentatIon 
a) Fieldwork . 	 . 
Field work was carried out in - three summer seasons, totalling 
about 8 months. Much of this time was devoted to'reconnaissance. and 
detailed mapping at 1:25,000. scale. A Geologicalmap in two-sheets is 
included at the back of-this thesis. Several-cross sections are shown 
in Chapter 3. 
In addition to mapping, numerous sections were measured in well 
exposed sedimentary sequences, Some of these are illuStrated 'in Chapters 
20 
2, .4 and 6. 
21 
b. 	Lab.oratory•.. techniques 
In the lahoratory, extensive use was made of standard thin-section 
and acetate peel techniqües However, X-ray diffraction, chemical 
analysis by X-ray fluorescence and atomic absorption, and scanning 
electron microscopy were also used where appropriate. Analysis of 
structural data, presentation of measured sections and handling of 
chemical analyses were carried out using computing facilities of the 
Edinburgh Regional Centre. A new program for measured section display 
is outlined in Appendix 3. All the collected specimens are held at 
Edinburgh University. Figured and analysed samples are identified in 
this thesis by departmental collection numbers. 
c) Plan of thesis 
This thesis is too long. In part, this is a consequence of the 
variety and complexity of the geology of the Antalya Complex, but.the 
majority of the blame rests with the author. To help the reader keep 
track of the numerous structural and stratigraphic units, certain 
diagrams are bound as fold-outs, for ease of reference in later chapters. 
	
Following., this introduction, which includes a literature survey, 	- 
Chapter 2 details the formal stratigraphy proposed for the Complex in 
the area studied, expanding and partially replacing earlier informal 
names, many of which are ambiguously defined tectono-stratigraphic terms. 
Chapter 3 deals with. the structure and tectonic history of the northeast 
Antalya Complex. The three following chapters are devoted to sedimen-
tology, divided on the basis of rock-type, rather than by Formation ;, so 
as to. avoid  repetition and draw attention to recurrent themes in the 
sedimentary his 	of the Complex. Chapter 4 deals with redeposited',  
coarse sediments, Chapter 5 with the interstratified fine-grained 
sediments, and Chapter 6 with the various massifs of shallow-water lime-
stone both within and adjacent to the northeast Antalya Complex. 
Chapter 7 discusses some new results from igneous and metamorphic rocks 
in the area studied, amplifying the earlier work of T. Juteau (1970, 
1975). 
Chapter 8 draws together these results in a brief palaeogeographic 
and tectonic history of the northeast Antalya Complex. The implications 
of this history in relation to other parts of the Complex and the evolu-
tion of the east Mediterranean region are discussed in Chapter 9. 
Appendices 1 and 3 are previously circulated documents concerning 
statistical testing for asymmetric ,cycles and computer-drawn graphic 
logs, respectively. Appendix 2 outlines other statistical techniques 
used, while appendices 4 and 5 list analytical data. 
A geological map in twosheets at 1:25,000 scale is located inside 
the back cover. 
Grid references may be located on the 1:25,000 map. The grid is 
identicalto that on Turkish Government Topographic maps. A rough guide 
to the pronunciation of Turkish place names is provided in Table 1-4. 
Readers should particularly note that the letter c is pronounced "j' as 
in John; ç and 	represent the English sounds "cli" and "sb" respectively. 
1-3 Geology of the western Taurids 
a) Introduction 
The town of Egridiris situated about 110 km north of the port of 
Antalya, :at an altitude of 92Q rn, in the part of the Taurus Mountains 
known as the "Pisidian Taurus" (see map, Figure l-l). To the east, the 
Taurus Mountainscontinue for over 600 km,the part between Eridir and 
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Anamur being distinguished as the !Taurus Occidental". To the west of 
Eridir lies the region knowri as the "Lycian Taurus", extending as far 
as the Aegean Sea. The ranges of the Taurus Qccjdental, Pisidi.an Taurus, 
and Lycian Taurus are collectively termed the "Western Taurids". 
b) Lycian. Taurus 
The Lyciani Taurus has been considered as an extension of the 
Hellenide orogenic beltof Greece (Brunn et al. 19J6, Bernoulli et 
al., 1974, özgul and Arpat, 1973). Its structure is dominated by the 
Lycian Nappes, an edifice of .allochthonous sheets believed to have been 
transported from the northwest towards the southeast in a number of 
phases during the early Tertiary era, ending with emplacement into their 
present position in Miocene times. Within the Lycian Nappes, Brunn et 
al. (1970, 1971) have described a.number of distinct stratigraphic 
sequences. of Mesozoic to early Tertiary age, showing fades ranging from 
shallow-water "platform" carbonates, through redeposited slope breccias, 
to pelagic limestones and cherts. Some of the sequences terminate in 
clastic sediments of flysch or wildflysch type, varying in age from 
Turonian to late Eocene. Delaune-Mayere et al. (1977) interpret these 
sequt'ncesas different parts of a Mesozoic continental margin,which was 
subsequently telescoped during late Cretaceous and early .Ter.tiary orogeny. 
So-called "ophiólitic" units, consisting of slivers of peridotite and 
diabase are intercalated between the nappes, and west of the Xanthe 
river the edifice is capped by the "Peridotite Nappe", consisting mainly 
of harzburgites cut by pyroxenite and dolerite dykes, 
To the northwest of the Lycian. Nappes lfes the Menderes Massif, 
composed of gneisses overlain by mica-schists and marbles of probable 
Palaeozoic age Its structural relationship to the Lycian Nappes is 
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uncertain. 	. 
The Lycian Nappes rest upon a "relative autocht.hon", the greater 
part of which. consists Qf Certaceous shallow-water carbonates capped 
by detrital sediments, This massif is known as the Bey Daglari 
(Figure 1'2) q The onset of detri,tal sedimentation was strongly dia-
chronous, ranging in age from Naestr.chtian to Eocene, and was related 
to the emplacement of the Antalya Complex (see below, Section d), which 
I ies immediately to the east. After a period of local non-deposition 
during the Oligocene, carbonate sedimentation resumed everywhere in 
the early Niocene, but was rapidly followed by an influx of. flysch-type 
terrigenous sediments, on top of which rest the Lycian Nappes. 
It should be noted that erosion has reached only a relatively 
high structural level in the Lycian Taurus. The autochthon is there-
fore exposed over arelatively small area and only the post-Jurassic 
part of its-sequence-is visible. 
c) Taurus Occidental- 
The Taurus Occidental, to the east of Eridir, also consists of 
a series of nappes resting upon an tlautochthonht  dominated by Mesozoic 
shallow-water carbonates constituting the mássifs of Anamas Da, Akseki, 
and Karacahisar (Figure 1-2). Here erasion has reached a deeper struc-
tural level, revealing that the carbonates are underlain by a Triassic 
sequence including thick turbiditic sandstones .and shales, resting uncon-
formably on Palaeozoic sedimentary rocks. The so-called autochthon here 
actually consists of a series of parautochthonous slices, thrust towards 
the southeast. Resting upon these slices are the nappes of the Taurus 
Occidental, or Beyehi -'Hoyran-HadLin Nappes (runn eta].., 1971;Monod, 
19J7). Like the Lycian Nappes, these contain an opho1itic unit, 
together with sequences of Mesozoic and Permian shallow-water carbonates, 
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wild-flysch, and a unit of-volcaniclastic sandstones overlain by Neso-..: 
zoic pelagic limestones, These nappes were probably emplaced from the 
northeast during 	E.ocene times. They are preserved as an enormous 
klippe along the axis of a later gentle syncline, and their roots are 
probably covered heneath. the extensye I(eogene terrestrial and lacus-
trifle depositsof the Anatolian plateau to the northeast 
d) The Isparta. Angle and the Antalya Complex 
Thus, as may be seen from Figure li, the Antalya-Egridir region 
is uniquely situated in the angle formed by the junction of the Helle-
nide and Tauride arcuate orogenic belts. The feature so formed is known 
variously as the ."Courbure. dTlsparta" (Blumenthal, 1963), the "Isparta 
Angle", or the "Taurus Orocline". Its origin is a matter of dispute. 
The area is also unique, however, in the presence of a third 
group of allochthonous rocks, situated in a relatively "external" posi-
tion in the orogenic belt These constitute the Antalya Nappes of 
Lefvre (1967), here termed the Antalya Complex (Woodcock and Robertson, 
1977). In addition,to the west ofAntalya is a poorly known area of 
variably metamorphosed Palaeozoic sediments-known as the Alanya Massif 
(Figure 1-2). This too is located in a relatively "externl" position 
and appears. also to be allochthonous, resting tectonically above the 
Antalya Complex (Argyriadis, 1974). 	 . 
In the Antalya Complex, Brunn et al. (1971), Marcoux (in Delaune 
Nayere et al., 19.76), Allasiriaz et al. (1974), Monod (1977a, 1978), 
Dumont (1976a), and Rohertson and Woodcock (in pressa, b, c) have dis-
tinguisheda great vaziety of }Iespzoic sedimentary facies, including 
turbjditic sandstones, pelagic lmestones, radiolarites, redeposited 
ljmes'tones, and opho1ite"derived' sandstones. Massive limestones of 
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shallow-water origin also occur, overlying Ordovician to Permian sand- 
stones, mudstones, and limestones. T .n addition, the ophiolite suite. -. is: 
represented by pillow lavas, dolerites, gabbros, dunites, and perido-
tites (Juteau, 19751 Minor occurrences of metamorphic rocks are also 
known (Juteau, 19.75; Woodcock, and Robertson, 1977b). 
Within the Complex, Brunn et al. (19.711 distinguish three nappes, 
which are identified by facies correlations throughout the area of the 
Complex shown in Figure 1-2. However, no structural continuity is demon-
strated between the various isolated tectonic slices. Woodcock and 
Robertson (in press) interpret many of the structures seen in the.south-
west segment of the Complex as products of strike-slip movements. For 
these reasons the :term Antalya Complex (Woodcock and Robertson, 1977a) 
is used here, rather than Antalya Nappes, and the tripartite division 
of Brunn et al. (1971) is abandoned. 
1-4 Previous work 
a) Early work 
Early work on the geology of the Western Taurids has been summar-
ized by Brunn et al. (1970) and Monod (1977), and only a brief, resume 
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will be given here. 
The earliest geological investigations in the region were carried 
out by Hamilton (1842) and Tchihatsheff (1867), who described the thick 
Mesozoic carbonates of the Taurus Occidental and their Palaeozoic base-
ment, serpentinites, and Neogene lacustrine sediments. , Penck (1918) 
was the first to identify major overthrusts and tectonic slces in the 
Taurus Occidental, and recognized a later phase of uplift and normal 
faulting giving rise to the present-day relief. The systematic mapping 
of the area by the geologists of M.T.A. Enstitflsü, notably N. Blumen-
thal, did not begin until 1938. The work of Blumenthal (1947, 1949, 
1951, 1956, 1963a, 1963b) described for the first time the detailed 
structure of the Taurus Occidental, identifying both the parautoch-
thoaous slices of platform carbonates and the allochthonous nappes. 
Altinli (1944, 1945, 1955) described major stratigraphic and structural 
units of the Antalya region, while Kaaden and. Metz (1954), Flugen (1956), 
and Cohn (1962) began the investigation of the units nowknown as.the 
Lycian Nappes. In the Eridir region, Ortynski (1941) and Parejas 
(1942) described the major rock types, interpreting them as parts of an 
essentially continuous autochthonous stratigraphic sequence. 
Progress since 1964 
Work since .1964 by the team of J.H. Brunn from Orsay, Paris, 
together with important contributions from Turkish and Britishgeolo-
gists, has greatly contributed to our understanding of western Tauride 
geology. The following review is an attempt to cover all recent publi-
cations on the geology of the "Isparta angle", excluding those of a 
purely palaeontological emphasis and those dealing only with post-tec-
tonic (Pliocene to Quaternary) formations. A few unpublished reports 
are also included... Because of the scattered nature of the literature, 
there are..undoubtedly omissions from -.the list. 
Anta1yaCompiex 
The Antálya.Copiplex (Antalya Nappes) was first identified as a 
separate group of allochthonous rocks in the area west of Antalya by 
Lefvre (1967), though the major units in this region are shown on maps 
by Cohn (1962). The ophiohitic igneous rocks of the Antalya Complex 
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and some associated sediments are analysed in great detail by T. Juteau 
(1969, 1970, 1975, 1979; Guerin-Franiatte and Juteàu, 1970; Juteau at 
al., 1976, 1977). Sedimentary units of the southwest segment of the 
Complex are described by Marcoux (1970, 1974, 1976; Lys and Marcoux, 
1978; .Lefvre and Marcoux, 1970; Marcoux and Poisson, 1972) by Poisson 
(1977), and-by Kalafatçioglu (1973). More recently, sedimentological 
and structural work by Robertson and Woodcock (1980, in press, a, b, c), 
Robertson (in press), Woodcock and Robertson (1977, in press, in prep.) 
establishes a - zonal scheme for the southwest segment of the Complex 
(Figure 9-3) and demonstrates that strike-slip movements as well as 
thrust faulting played an important part in its emplacement. Hayward 
and Robertson (in press) describe Tertiary sediments derived from the 
Complex during emplacement. 
Other, parts of the Antalya Complex are less well known. To the 
north of Antalya, the Isparta Cay unit and its relationship to the Bey 
Dalari massif and the Lycian nappes are described by Gutnic and Poisson 
(1970) and Allasinaz et al. (1974). In the centre of the Isparta angle, 
Akbulut (1977) identifies a variety of stratigraphic sequences, but 
gives only a limited discussion-of the structure of the Complex in this 
region.: Further north, the segment of the Complex to the west of Lake 
Eridir is described by Gutnic (1977) and Gutnic et al. (1979). •East 
of the lake, in the area of this study, Collignon at al. (1970) record 
the discovery of late Triassic ammonites, and Dumont et al. (190) 
describe theZindan Sequence (Figure 2-2j) from the northeastern edge 
of the Complex. 
.Lycian Taurus 
Studies of small - areas in theLy-cian Taurus by Lefyre (1966), 
Bassaget (1966), Maitre (1966), Pjsoni (1967) and Sarp c1976), have 
been followed by regional studies by A. Poisson and P.C. de Graciansky, 
which place the stratjgraph.y on a firm basis and establish beyond doubt 
the allochthonous nature of the Lycian Nappes (Poisson, 1967a, b, 1968a, 
Ii, 19.74a, b, c,.1976, 1977; Bassoulet and Poisson, 1975; Bignot and 
Poisson, 1974; Nagn and Poisson, 1914; Poisson and Poignant, 1974; 
Bronniman et al., 1970; Jaffrezo et al., 1978; Craciansky, 1967, 1968, 
1912, 1973; Graciansky and Lys, 1968; Graciansky et al., 1967, 1970). 
Bremer (171) summarizes some of these results, and Boray et al. (1973) 
discuss relationships along the southern edge of the Menderes massif. 
Taurus Occidental 
The stratigraphy and structure of the regions west and northwest 
of Antalya are described by C. Martin (1969; Corsin and Martin, 1969) and 
By 0. Monod (1967, 1976, 1977, 1978; Assereto and Monod, 1974; Butterlin 
and Monod, 1969; Dean and Nônod, 1970; Enay and Nonod, 1974; Enay et al., 
1971; Monad and Sigal, 1966). Bauxite distribution and chemistry are dis-
cussed by dzlü (1978), while 6zgU1 and Gedik (1973). 	investigate details 
of the lower - Palaeozoic stratigraphy of this region. Argyriadis (1974) 
outlines the stratigraphy of the Alanya massif. The Karacahisar massif, 
closer to the centre of the Isparta angle., is described by Dumont (1972, 
1976), Dumont and Lys (1973), and by Dumont and Kerey (1975a). Dumont 
and. Kerey (1975b) identify an important strike-slip fault bounding the 
Taurus-occidental massifs to the west. The carbonate sequences of the 
Taurus occidental are traced northwards to the centre of the Isparta 
angle by Gutnic (1968a, 1977; Despraires and Gutnic, 1970; Gutnic and 
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Juteau, 1973; Gutnic and Moullade, 1967). The dissertations of Kelter 
(1968) and Haude (1968, 1974) also describe parts of this region. 
f) Syntheses 
The principal stratigraphic and structural results of the Orsay 
team are summarized by Brunnetal. (1970, 1971) and Gutnic et al. 
(1979), and interpreted in models of continental margin, evolution by 
Nonod 'et al. (1974) and Delaune-Mayere et al. (1972). Controversy has 
surrounded the origin and emplacement of the Antalya Complex. Dumont 
et al. (1972a, b) propose an origin in a basin to the south of the 
Tauride platform units, followed- bynorthward emplacement in late Cre-
taceous time. Incontrast, a northern origin, on the margins of-the 
main Tethyan ocean, is favoured by Ricou et al. (1974, 1975, 1979), 
Argyriadis et al. (1980), and Ricou and Marcoux (1980). The -main argu-
ments-are summarized byBrunn (1974) and:Brunnet -al. (1973). Alterna-
tive models for the- evolution of-the Isparta angle and.-Antalya Complex 
are proposed by Monod (1976) and by Dumont (1976b). Both modelsinvoke-
important strike-slip movements to explain the position of the Antalya 
Complex. Massonetal. (1975) base their interpretation on ERTSsatel-
lite photographs. 	 - 	- 	 - 
Many geologists have speculated-on the relationship between the 
western Taurides and the Héllenides of Greece (Radelli, 1970; Bernoulli 
et al., 1974; Aubouin et al., 1976; Argyriadis et al., 1976; Brunn, - - 
1976; Brunnetal., 1976;-Izdar, 1976; Durr, 1976; Durr et al., 1977; 
Monod, 1977). General features of-the tectonic evolution of western 
Anatolia are discussed- by Brinkmann (1972) and Bingi1 (1976), while 
'Belov (1973) considers the Palaeozoic tectonics of the region. Struc- - 
tural and stratigra-phi -c-- correlations between the western and eastern 
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Taurides are discussed by 6zgül and Arpat (1973), bzg5l (1976), and by 
Parrot and Whitechurch (1978). 
31 
PAGE NO. 
CHAPTER 2 	STRATIGRAPHY . ...................................33 
2-1 Introduction 	..... ........... 33 
2-2 Pazarkoy 	Group 	............. 	. • ..................... 34 
Definition of group 
Sofular Formation 
Kiraziar Tepe Member of the Sofular Formation 




Gavurçali Tepe Limestone 
Kocakent Tepe Formation 
Bucak Lava 
1) Akpinar. Tepe Limestone 
in) Havutlu Lava Formation 
n) Göynuk Formation 
2-3 YuvaLC Group 	........................................... 50 
Definition of Group 
Kovada Dolomite 
C) Dulup Limestone 
2-4 Other 	Units 	........................................... 53 
Eridir KIz2T1 Dag Harzburgite 
Metamorphic rocks 
Massive Limestones 
Melange and megabreccia 
2-5 Correlation with other areas 	............................ 55 
32 
CHAPTER 2 STRATIGRAPHY 
2-1 - Introduction 
The stratigraphic scheme here proposed conforms as far as 
possible to the principles laid down by Hedberg et-al.. (1976) in the 
International Stratigraphic Guide. Each formation .is a mappable unit,.. 
and where possible has . a precisely defined type section, shown in 
Figure 2-3. Previously used names, such as those defined by Juteau 
(1975), DumOnt and Kerey (1975a), and Dumont et al. (1980), are 
retained wherever possible, even when this complicates the stratig-
raphy. 
The Antalya Complex was initially described as the Antalya Nappes, 
in the area-west of Antalya (Lefvre, 1967). The Antalya Nappes were 
identified in the Eridir region by Brunn et al. (1970, 1971); previous 
studies (Ortynski, 1941) had failed to recognize their allochthonous 
nature. Brunn et al. divided the Antalya Nappes into three tectonic 
units, known as the Lower, Middle and Upper Nappes, but in the region 
east of Eridir these units were identified only on the basis of 
similarities in sedimentary facies; the structural continuity of the 
three "nappes" has never been confirmed. Structural work in this 
study (Chapter 3) indicates a more complex pattern involving at 
least two interfering phases of deformation,- while to the west of 
Antalya, Woodcock. and Robertson (in .press) have described a domi-
nantly-strike-slip tectonic regime in parts of the area previously 
mapped as "Antalya Nappes". For these reasons, the term Antalya 
Complex is here used, following Woodcockand Robertson (1977), to 
refer to the assemblage of rocks formerly known as the Antalya Nappes. 
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Thirteen formations and two groups are defined within the 
northeastern segment of the Antalya Complex. Figure 2-2 indicates the 
relationships of the formations as observed in a number of measured 
sequences, located in Figure 2-1. Inferred original relationships are 
shown in Figure 2-4. Most formations have been identified in several 
tectonic slices, of ten without direct evidence of original continuity; 
therefore certain of the formations may represent deposits laid down in 
several separated regions, rather than a single continuous layer. 
The Pazarkoy Group includes a variety of sedimentary formations, 
mostly showing pelagic and redeposited facies; it is roughly equivalent 
to the Lower and Middle "Nappes" as mapped by .Brunn et,al. (1971). The 
Yuvali Group consists entirely of "platform" carbonates, and corresponds 
to the Upper Nappe of Brunn et Al. The. Eridir Kizil Dag Harzburgite of 
Juteau (1975)is not included in either group. 
Palaeontoiogical identifications and ages were provided by Emile A. 
Pessagno (Radiolaria), J.-P. Bassoullet (benthonic Foraminifera, algae), 
C. Glacon and J. Sigal (planktonic Foraminifera). 
2-2-Pazarkoy Group 
a) Definition.of. Group 
Status: New Group, comprising the following ten formations: Sofular 
Formation, Yi.lanli Formation, Bucak Lava, Akpinar Tepe Limestone, 
Kocakent Tepe Formation, Havutlu Lava Formation, Göynük Formation. 
The Sofular and Yi.lanli Formations crop out over the largest area. 
Name and Type Area: The Group-is named after the village of 
Pazarköy on the eastern edge. of Yllanli Ovasi, around which all 
the formations are exposed. 
Synonymy: The Pazarköy Group is roughly equivalent to the "Forma-
tion Schisto-Radiolaritique (F.S.R.)" of Blumenthal (1956), and to 
the Lower and Middle Antalya Nappes as mapped by Brunn et al. 
(1971). 	. 	 . 	 . 	. 
b) Sof.ular Formation 
Status: New Formation; an assemblage of late Triassic to early 
Jurassic hemipelagic and turbiditic sedimentary rocks, including 
inudstones, sandstones, calcarenites and Halobia-bearing limestones. 
Name; The formation is named after the village of Sofular, 27 km 
byroad northeast of Eridir. 
Type Section: The type section lies immediately northeast of 
Sofular (Fig. 2-3); the sequence is summarized in Figure 2-2 (lower 
part of column f). The lowest 200 m of the Formation is overturned, 
but thereafter the beds pass through vertical and then dip and 
young southwestwards. 
The lowermost 350 m are dominanted by dark grey mudstones 
with thin (3-10 cm) bands of sandstone rich in plant.debris, which 
locally forms very thin (1 cm) coal seams. Grey impure limestones 
and orange-weathering ferruginous siltstone bands and concretions 
also occur. Above this, graded sandstone beds become more abundant; 
they show t.urbi:dite sedimentary structures and bioturbated basal 
surfaces (Fig. 4-3). Black, locally pyritous limestones occur in 
occasional beds and larger lenticular masses up to 10 mthick. 
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Grey thickly bedded calcarenites and calcirudites form several 
distinct packets in the upper 500.m of the section, which may 
include a slight repetition due to folding. At the top of the 
section calcarenites predominate; the top of the Formation is 
placed at the top of the highest interbedded sandstone,. adjacent 
to Sofular village graveyard; the overlying sequence of calcare-.. 
nites, muds.tones, and cherts is assigned to the Yllanli Formation. 
The total thickness of the Sofular Formation in the type section 
is approximately 1050 m. 
Regional characteristics: The Sofular Formation in most areas is 
dominated by lithologies similar to those in the type section, but 
several other fades may form important intercalations; two of 
these intercalations are distinguished as members (see below). 
/ 
Briefly, the additional facies are: 
Halobia-bearing limestone. Thin to medium bedded grey fine-
grained limestones and minor mudstones. The.limestones contain 
calcified Radiolaria and fragments of thin-shelled bivalves . 
such as Halobia (Fig.. 5-lb and c). 
Red mudstones. and limestones. Dark red mudstones occur inter-
bedded with turbiditic sandstones-and also in sandstone-free 
intervals, where they characteristically contain horizons marked 
by-concretions of .pink. micritic limestone (Fig. 5-1a). 
Pink nodular limestones, intrs-formational conglomerates, and 
laminated calcilutites; confined to the AkdOan and Kiraziar' 
Tepe Members (see below). 
Volcanic rocks. Poorly exposed,mafic lava flows up to 3m 
thick occur within a sequence of.Sofular Formation sandstones 
and. mudstoñes.2.km southwest of Yenice. 
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The Sofular Formation is exposed in almost every tectonic unit of 
the Antalya Complex in the area studied. Its base is never seen, 
and it is assumed to have undergone ddcoilement from its original 
basement. As shown in Figure 2-2, it is overlain variously by. 
the Yassiviran Limestone, the Yilanii Formation, and the Dulup 
Limestone. The boundary with the Yassiviran Limestone is placed 
at the point where pelietoidal and oolitic limestones become pre- 
dominant. At the transition to the Yilanli Formation, the boundary 
is either placed (as in the type section) at the top of the highest 
sandstone bed, or at the top of the Akdoan or Kirazlar Tepe Member 
(see below), if there are no sandstone beds higher in the sequence. 
The boundary with the Dulup Limestones is always at the top of the 
Akdoan Member. 
Palaeodasycladus mediterraneus Pia was found near the top of 
• type section, indicating a Lower Jurassic (Pliensbachian) age for 
the upper part of the Formation.. The Triassic (Carnian-Norian) 
bivalve Halobia is locally abundant in the micritic limestone 
facies of the Formation (.Fig. 5-1c). Siliceous tubular fossils 
are identified as Torlessiamackayi Bather, recorded from the 
Upper Triassic of New Zealand and the Lower Li as of Alaska (Bather, 
1905; Jaworski, 1915). The majority of the Sofular Formation is 
believed to be of Middle Triassic to Lowest Jurassic age, but 
• earlier Triassic stages may be represented in the poorly fossilif-
erous lower parts of the Formation. 
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c) Kiraz.lar Tepe Member of Sofular Formation 
Status: New Member; a thin but conspicuous interval of pink to grey 
thinly bedded calcilutites at or very near the top of the Sofular 
Formation, 
Name: The member is named after Kiraziar Tepe, a.hill 1 km west of 
Yilanli (Figure 2-3). 
Synonymy: None 
Type Section: The type section is in the shallow gorge 500 m east 
of the Yilanli-Havutlu road, at the foot of Kirazlar.Tepe. The 
base of the Member is the transition from brown Sofular Formation 
mudstones to pink calcilutites. The Kiraziar Tepe Member consists 
of thinly to very thinly bedded pink and grey calcilutites con-
taining calcified Radiolaria. The calcilutites are commonly finely 
laminated, but locally heavily stylolitized. Occasional beds of 
fine graded calcarenite, red, mudstone, and fine sandstone occur. 
The top of the Member is equivalent to the top of the Sofular' 
Formation, and is marked by the transition from predominant pink 
calci.tite to predominant red mudstone and radiolarite of the 
Yilanli Formation. The thickness of the type section is 13 m. 
Regional characteristics: The lithology of the Kiraziar Tepe 
Member is everywhere, similar to that of the type section, although 
the Member varies, from zero to 30 m in thickness. The base of the 
Member /is always the transition from sandstones and mudstones to 
calcilutites. . At the top, the Member may be overlàin'directly (as 
at the type section) by the Yllanli Formation, or there may beup 
five metres of Sofular Formation--sandstones and rnudstones below 
the base of the Yilanli Formation. The-Member passes laterally 
into the Akdoan 'Member of the Sofular Formation. 
Direct palaeontological evidence for the age of the Member is 
lacking. At Yilanli, calcilutites 70 cm below the base of the 
Member yielded the Triassic bivalve Halobia. Radiolarites 9 m 
above the top of the Member at the same locality yielded Lower 
Jurassic (U. Pliensbachian to Toarcian) Radiolaria. The Kiraziar 
Tepe Member is therefore believed to be of Upper Triassic and/or 
Lower Jurassic. age. 
d) AkdoganMemberof the Sofular Formation 
Status: New Member; micritic Halobia-bearing limestones, pink 
nodular limestones, and pink intraformational carbonate conglom-
erates, at the top of the Sofular Formation. 
Name: The Member is named after the village of Akdoan, 18 km by 
:road southeast of Eridir. 	. 
'Synonymy: Calcaire 	Babbles (Brunnet.a1., 1970) .- in part. 
- Type Section: The tpe section is defined in the sh allow .road 
cutting and on the adjacent hillside 1.3 km north of the village 
of Akdoan (Fig. 2-3). The base of the Member is at the change 
from brown-weathering mudstones upwards into grey thin to medium-. 
bedded-micritic limestones. The lower 35 m of the section consist 
of thin to medium-bedded and nodular grey micritic limestones and 
subordinate mudstónes. The limestones contain abundant calcitized 
Radiolaria and fragments of thin-shelled bivalves. ' Occasional 
thin beds of saccharoidal calcãrenite also occur. The upper 13 m 
of the Member consists of mottled pink and grey nodular micritic 
limestones with red chert nodules. Calcitized Radiolaria are still 
Abundant but bivalve fragments become less common. The top of the 
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Member is placed at the top of the highest bed of pink micritic 
limestone; it is overlain by red radiolarites of the Yllanli Formation. 
Regional Aspects: In addition to the lithologies seen in the type 
section, the Akdoan Member may show a conglomeratic fades of pink 
micriticlimestone (Fig. 5-1d); this probably formed by synsedimentary 
break-up of nodular beds similar to those of the type section. A 
section 1 km west of Akdoan displays this fades well (Fig. 2-3). 
Laminated calcilutites similar to those of the Kirazlar Tepe Member 
may also be present; the Akdoan Member is believed to pass literally 
into the Kirazlar Tepe Member. 
The Akdoan Member may consist entirely of grey or entirely of 
pink limestones; typically, however, a lower grey interval and an upper 
pink interval are present. 
The Member is always underlain by mudstones and sandstones of 
the Sofular Formation . It may be overlain either by the Yilanli 
Formation, as at-the-type section, or by the Dulup Limestone, in 
which case the pink fades are normally absent, and the boundary is 
placed at the transition from thinly bedded micritic limestones with 
Radiolaria to massive dolomitic or algal Dulup Limestone (see Figure 
2-2). 
Age : The lower, grey part of the Member is dated as Triassic by the 
presence of the bivalve Halobia at many localities. The upper part 
of the Member may extend into the Lower Jurassic. 
e) Yilanli Formation 
Status: New formation; bedded cherts, mudstones,-and redeposited lime-
stones. 
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Name: The Formation is named after the village of Yilanli, 22 km by 
road east of Eridir. 
Synonymy: None 
Type Section: The type'section of the Yilanli Formation is in the water 
channel cutting 1 km southwest of Yilanli (Fig. 2-3). The base of the 
Formation is the top of the Sofular Formation, the boundary being 
placed at the top of the highest bed of calcareous sandstone. The 
lower part of the section consists of red (locally grey) mudstones.and 
cherty mudstones, interbedded with grey-green and.grey thinly bedded 
.cherts. 37 in above the base of theFormation is a sudden change to 
grey thin to thick-bedded calcarenites and calcirudites (Fig. 4-5d). 
These liméstones form a packet 92m thick; they are overlain by grey 
thin-bedded cherts and orange-weathering mudstones which become in-
creasingly deformed up section. Continuity of exposure is lost 175 m 
above the base of the section although further excellent exposures 
occur to the southwest along the channel.for 1 km. 
Higher parts of the Formation are well seen in a reference 
section defined in a gully immediately north of the .-northern extremity 
of the village of çaykdy (Figure 2-3). . The sequence of lithologies 
is similar to the type section;.mudstones and. bedded cherts (Figures 
5-3d) outcrop as far as 60 m above the base of the section, where 
they are overlainby a 35 in packet of medium to very thick-bedded 
calcarenites. Above this, :thinly bedded cherts and mudstones.alter-
nate with pink to grey cherty calcilutites fora further 35 m. 
Neither of these. sections shows the top of the Formation; this 
is exposed in a second reference section. on the steep hillside west 
of the Yilanli-Havutlu Road, 4 km north of the type locality (Figure 
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2-3). Red radiolarian cherts of the Yilanli Formation are directly 
overlain by GdynUk Formation calcarenites containing green lithic 
fragments. 
Regional Characteristics: The Yilanli Formation is everywhere dominated 
by bedded cherts and redeposited limesibnes; the proportion of lime-
stone varies between 5% and 80%. Sequences with little calcarenite 
are commonly largely composed of red cherts, often manganiferous, 
whereas limestone-dominated sequences usually contain predominantly 
grey-green and mottled cherts. Nodular and banded replacement chert 
is common in the limestones (Figure 4-31c). The base of the Formation 
is equivalent to the top of the Sofular Formation, except when the two 
are separated by the Yassiviran Limestone, in which case the base of -
the Formation is taken at the lowest appearance of bedded chert. The 
top of the Formation, never well exposed, is the transition to splin-
tery calcareous mudstones or lithic arenites of the Göynük Formation. 
Laterally, the Yilanli Formation probably passes locally into the 
Kocakent Tepe and Zindan Formations and the Yassiviran, Gavurçali Tepe, 
and Dulup Limestones. 
Age: Radiolaria from the base of the section (Trillus elkhornensis 
Pessagno and Blom e, Canoptum rugosum Pessagno and Poisson) indicate a 
Lower Jurassic (Upper Pliensbachian toToarcian) age. A section on 
Kirazlar Tepe, 1 km north of Yilanli, has yielded varied faunas ranging 
from Jurassic (Oxfordian-Kimmeridgian) to Upper Cretaceous (Turonian) 
in age. Thanarlaconica (Aliev), Xitus sp and Turns sp in the upper 
- 
	
	part of the reference section. at caykoy (see above) , also indicate a 
Cretaceous (Hanterivian' to Aptian) age. 
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Foraminifera and algae have been identified in a number of 
Xlanl3,' Formation calcareni,tes-. .3 km north of Yilanli, an assemblage 
including 'seudocyclammina cf lituus Yok., Trocholina cf alpinaelongata 
CLeopoldi, and Clypeina jurassica Favre indicates an Upper Jurassic 
(Kimmeridgian-Tithonian) age. Clypeina'jurassica was also found 200 in 
southwest of the type section. 
The Y],lanli Formation therefore ranges in age from Lower 
Jurassic (Pliensbachian) to Upper Cretaceous (Turonian or younger); 
the overlying Goynuk Formation is probably of Naestrichtian age. 
f). Yassiviran Limestone 
Status: Formation defined by .Gutnic (1977); well bedded limestones 
extensively, exposed in the Anamas Dag region northeast of the Antalya 
Complex. (Figure .2-1), but extending into the Complex along it north-
eastern edge. 
Name: The Yassiviran Limestone is named after the village of Yassiviran, 
4 kin east of Senirkent and 34 km northwest of Eridir. 
Synonymy: Calcaires de Yassiviran (Gutnic, 1977). 
Type, Section: The type 'section described by Gutnic (.197 7) is located 
on the south side of Demir Tepe, 9 km south of Yassiviran. 
'Regional Characteristics:"Gutnic (1977) traced the Limestone 'from its 
type area as far as the Anarnas.Da, adjacent to the northeastern. edge 
of the Antalya .Complex (Figure 271). Dumont et al. (1980) subse-
quently 'idèntifiedit within the Complex, in the sequence cut by 
Zindan gorge, east of Yenice (Figure 2-3). In the course of the 
present investigation .sjuiilar'limestones, though. less thickly deve -
loped, have been identified elsewhere in the northeastern part of 
the Complex; these ,too are assigned to the Yassiviran Limestone. 
The YassiviranLimestone (Figure 6-6) consists of grey and dark 
grey pelletoidal grainstones and packstones, with occasional coarse 
intraformational conglomerates which include oncolites and coral debris. 
Towards the base, .the Limestone becomes sandy, locally pinkish in 
colour, and includes beds of yellow siltstone; it passes down into 
sandstones of the Sofular Formation. The Yassiviran Limestone is over-
lain by cherts of the Zindan and Yilanli Formations.; the boundary in 
each case is drawn at the base of the lowest bed of chert. 
A: According to Dumont et al. (1980) the Yassiviran Limestone is of 
Lower to Middle Jurassic age in the Zindan gorge section. No charac-
teristic fossils have so far been recovered elsewhere in the Limestone 
(within the Antalya Complex). 
g) Zindan Formation 
Status: Formation defined by Dumont etal. (1980);black bedded cherts 
and grey cherty calcilutites overlying the Yassiviran Limestone in the 
Zindan sequence (Figure 2-2). 
Name: The formation is named after the cave known as Zindan, on the 
right bank of Aksu çayi, 1.5 km northeast of Yenice (Figure 2-3). 
Synonymy: None 
Type Section: Dumont et al. (1980) define the type section of the 
Zindán Formation in the slope on the right bank of Aksu çayi 200 m 
west of Zindan Cave (Figure 2-3). The Formation consists of dark.grey 
to black thinly-bedded chert, which becomes interbedded towards the top 
of the section with .cherty cream-coloured calcilutites. The top of the 
Formation is marked by the incoming of breccias and calcarenites of the 
GavurçaliTepe Limestone. The thickness of the Formation is roughly 




Regional Characteristics: The Formation can he traced laterally for 
2 to 4 km north and south. of the type seciton. Elsewhere in the 
Complex, the Zindan Formation cannot be unequiyàcally identified; 
cherts and calcarenites occurring in an equivalent position are 
assigned to the X.Uanlx Formation (see Figure 2-2g and ji. 
The age of the Zindan Formation is probably Upper Jurassic to 
Lower Cretaceous (Dumont et al., 1980). 
h) GavurçaLi. Tepe Limestone 
Status: Formation defined .by Dumont et al. (1980). Massive redeposited 
limestones, with minor bedded cherts and pink micritic limestones. 
Name: The Limestone is named after Gavurçali Tepe, 2 km east of Yénice. 
Synonymy: None 
Type Section: The type section described by Dumont et al. (1980) is in 
the valley of-Aksu çayi (Zindan gorge), northeast of Yenice (Figure 
2-31. - The Limestone overlies the Zindan Formation. It consists of 
massive coarse calcarenites and limestone breccia with interbeds of 
radiolarian -chert and pink Inicritic limestones with pelagic fossils. 
The top of theGavurçali Tepe Limestone is truncated by a thrust 
fault; the visible section is approximately 450 m thick. 
Regional Characteristics: The Gavurçali Tepe Limestone is confined to 
the massifs Of Gavurçali Tepe and-.Kara.çani Tepe, northand -south of 
Zindan gorge. Italways-overlies:the Zindan Formation, and probably 
- passes-laterally into the Kocakent Tépe and Yilanli Formations (Figure 
2-2g and j). The top of the Lirnestone.is not seen. 
Age : The Gavurçali Tepe -Limestone ranges in age from Lower-to Upper 
Cretaceous:(Albian to U. --Senonian). according toDuinont et - Al. (1980). 
j) Kocakent Tepe Formation 
Status: New Formation; thinly bedded pink pelagic limestones and 
occasional redeposited calcarenites extensively developed near the 
northeastern edge of the Antalya Complex. 
Name: The Formation is named after Kocakent Tepe, a hill 3.5 km 
northeast of Sofular (Figure 2-3). 
Synonymy: None 
Type Section: The type section follows the crest of the ridge to the 
west of Kocakent Tepe. summit (Figure 3). The base of the Formation is 
at the top of a sequence of brownish black cherts which are assigned 
to the Yilanli Formation. TheKocakent Tepe Formation consists of 
thinly bedded pink to white micritic limestones which contain plank-
tonic foraminif era including Globotruncana sp. Beds up to im thick 
of white calcarenite also occur, making up approximately 20% of the 
total thickness of 50 m. Dark grey-brown chert nodules are confined 
to the lowest 10 m of the Formation. 
The top of the Formation is not exposed in the type section; 
'the boundary with the overlying Goynuk Formation is exposed 1 km to 
the north. 
Regional Characteristics: The Kocakent Tepe Formation outcrops exten-
sively near the northeastern edge of the Antalya Complex. It is 
usually somewhat deformed, and its boundaries are. commonly faulted. 
Laterally, the Kocakent Tepe Formation probably passes with an 
increase in the proportion of calcarenite, into the Gavurçali Tepe 
Limestone (Figure 2-2g). 
Globotruncana cf marginata or linnei from the lower part of the 
:Formation indicates an Upper Cretaceous (Turonian-Senonian) age. 
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Higher in the Formation faunas suggesting Upper Maestrichtian, or 
possibly even Lowest Paleocene (Danian) age were found. 
k) Bucak Lava 
Status: The Bucak Lava is named after the village of Bucak, 1 km 
north of Yenice, and 29 km by road east of' Eridir. 
Synonymy: Lavas du Bucak (Juteau, 1975). 
'Type Area: The type area of the Bucak lavas is on the plateau 2 km 
north of Bucak, on the northwest side of the path from Bucak" to Sorkun 
Yayla. Three types of lava are distinguished by Juteau (1975):: 
aphanitic, porphyro-ankaramitic, and porphyro-labradoritic. All three 
types occur in pillowed and unpillowed flows, and may be highly vesicu-
lar. Interbeds of pink micritic limestone occur rarely. The lavas dip 
southwards, and are probably around 300 m thick. They rest on deformed 
Sofular Formation sandstones, shales and limestones; they are overlain 
by the Akpinar Tepe Limestone. 
Regional Characteristics: The Bucak Lava is exposed only in the-vicinity 
of the type area, and as blocks in melange and megabreccia terrains 
'(see below). 
Age : The overlying Akpinar Tèpe Limestone is of Triassic age according 
to Juteau, suggesting that the lavas are Triassic also. 
'1) Akpinar.Tepe Limestone  
Status: Formation defined by Juteau (1975); massive white. limestones 
overlying the Bucak Lava.  
Name: The Akpinar.Tepe Limestone is named after Akpinar Tepe, 2.5 km 
northwest of' Bucak (Figure-2-3). 
Synoninymy: .Calcairesd'Akpinar Tepe (Juteau, 1975). 
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Type Area: The Akpinar Tepe Limestone is not clearly stratified; a 
type section is not therefore defined. The type area comprises the 
summits of Akpinar Tepe and cal Tepe, and the area of the intervening 
col. 
The Akpinar Tepe Limestone is white and recrystallised. It 
locally shows fenestral fabrics, algal lamination, and algal binding; 
a number of poorly preserved corals have also been found (Figure 6-4b,c). 
Regional Characteristics: The type area is within the largest outcrop 
of the Limestone occupying approximately 22 km several other small 
massifs probably assignable to this formation occur in the northeastern 
part of the area studied. 
Juteau (1975) quotes aTriassic age for ammonites from the base 
of the Limestone in the type area. 
m) Havutlu Lava Formation 
Status: New Formation; inafic aphanitic pillow lavas and associated 
sediments. 
Name: The Formation is named after the village of Havutlu, 4 km north 
of Yilanli (Figure 2-3). 
Syn'onymy: None 
Type Area: No complete section through the Formation is known. The 
type area 15 11/2 km southwest of Havutlu, where several good expo-
sures occur on the banks of a small stream (Figure 2-3). 
The Formation consists mainly of greenish grey to black aphanitic 
maf Ic lavas. Pillows are locally well developed, but are often largely 
obscured by deformation. The lavas are interbedded and overlain by 
red to black manganiferous radiolarian cherts and pink recrystallized 
fine-grained limestone. The upper surface of the lava is often highly 
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uneven. A conglomerate composed of lava, chert, and pink limestone 
fragments occurs at the top of the exposed sequence.in the type area. 
The boundaries of the Formation are tectonic. 
Regional Characteristics: Many small slices of the Havutlu Lava 
Formation occur elsewhere in the Complex; the most notable is exposed 
in the high valley north and south of Aksak (Figure 2-3), where 
deformed Havutlu Lava is very locally metamorphosed to green chlorite 
•schist. 
A radiolarian fauna extracted from cherts in the upper part'of 
the sequence exposed in the type area indicates an Upper Jurassic or 
Lower Cretaceous (U. Kimmeridgian to L. Ha'uterivian) age. 
n) G5yn6k Formation 
Status: New Formation; Late Cretaceous mudstones, chalks, and ophiolite-
derived sediments. 
Name: The Formation is named after Göynuk, a high slope 3.5 km -north-
east of Sofular. 
Synonymy: None 
Type Section: No complete section of the Göyntik Formation is known; the 
type area includes two short sections which illustrate the basal boun-
dary' and general characteristics of the Formation. 
The'first occurs in a small crag 50 m south of the cliff of 
Kocakir Tepe. 'It shows a transition from deformed pink limestones of 
the Kocakent Tepe Foration, through approximately 5 m of resistant grey 
calcarenite, into 5 in of splintery impure chalks. The base of the 
Formation is at the boudary between calcarenite and chalk; the sequence 
is overturned at this point. 
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The second section is in the gully 400.m to the southwest of the 
first section. It shows a sequence. of calcareous and siliceous splin-
tery mudstones, interbedded with greenish chert and, at the top of the 
section, calcareous sandstone containing ophiolite-derived debris. 
Regional Characteristics: The Göynük Formation includes a variety of 
ophiolite.derved sediments in addition to those seen in the-type area. 
Coarse, poorly sorted conglomerates are well developed around the edges 
of Dulup Dai. The Formation is usually deformed,. and its relation-
ships with .the underlying formations are often difficult to demonstrate; 
the Göyniik Formation overlies both the Kocakent Tepe Formation and the 
Yjianli Formation. Its top is-always tectonic. 
Globotruncanacf arca and Globotruncana cfelevata or stuartiformis 
in the type area, near the base of the formation, indicate a Campanian 
or Maestrichtian age. 
273. - Yuvali..Group 
a) Definition of Group 
Status: New-group, including two existing . formations: the.Kovada 
Dolomite and the Dulup Limestone. Permian limestones occurring locally 
below the Kovada Dolomite are also included in the group, although not 
formally defined as a formation. 
Name and Type Area: The Groupis named after the Village of Yuvali 
(old name: Direskene) 25 km byroad southwest of Egridir (Figure2-3). 
Both formations are extensively exposed in the hills surrounding the 
village. • 
Synonymy:. The Yuvali Group is approximately equivalent to the "Upper 
Antalya Nappe" as mapped byBrunnetal. (1971) in the northeastern 
segment of the Complex, and to part of the Limestone Series of Ortinsky 
(.1941). 
b) Kovada Dolomite 
Status: Formation defined by Dumont and Kerey (1975a). 
Name: The Kovada Dolomite is named after the region "Kovada", surrounding 
A lake of the same name (Kovada Cdlii), 20 km south of Lake Eridir. 
Synonymy: Kovada Dolomiti (Dumont and Kerey, 1975a). 
Type Section: No type section is defined in the type area by Dumont 
and Kerey. A local reference - section is here defined 3 km southeast 
of Yuvali on the western slope of the Dulup.Dai massif (Figure 2-3). 
At the base of the section, the Dolomite rests with tectonic contact 
on coarse ophiolite-derived sediments of the Gdyniik formation. The 
Dolomite is off-white, poorly bedded, and locally highly fractured. 
Dolomitic limestone and limestone become more abundant up section. The 
transition to the overlying Dulup Limestone occurs at the centre of the 
small depression known as Klrazli.- The section is 250 m thick approxi-
mately. 
Regional Characteristics: Where visible, the base of the Kovada Dolomite 
is usually tectonic. -However, - 1.5 - km north of Yuvali,-a few metres 
of dark grey Permian limestones occur below the Dolomite -. It is not 
- clear whether the sequence here is unbroken; Dumont and Kerey (1975a) 
record similar Permian limestones only in separate tectonic slices at 
the base of - their "Dulup Unit". In addition to the lithologies seen 
- 	in the reference section, the Kovada Dolomite locally includes algal- 
laminated dolomitic limestone (well seen -2 km south of Aksak) and dark 
grey highly bituminous dolomitic limestones. The Dolomite is probably 
up to 200 m thick, and is always overlain by the Dulup Limestone. 
Age : No fossils have been:found in the Kovada Dolomite. Upper Jurassic 
fossils from the immediately overlying Dulup Limestone imply that the 
Dolomite is Jurassic or older. 	 - 	 - 




c) Dulup Limestone 
Status: Formation, defined by Dumont and Kerey (1975a). 
Name: The Dulup Limestone is named after Dulup Dai, a 2,049 m peak 
situated 18 km ESE of Eridir. Following existing usage, the abbre-
viated name is here used where "Dulup Dai Limestone" would follow 
standard stratigraphic procedure (Hedberg, 1976). 
Synonymy: Dulup Kireçtasi .(Dumont and Kerey, 1975a). 
Type Area: The type area comprises the high Karstic terrain between 
Yuvali and Aksak, including the summit of Dulup Dai. No continuous 
section through the whole of the Limestone is known. The base is defined 
at the centre of the depression known as "Kirazli", 3 km southeast of 
Yuvali, where pinkish grey pelletoidal limestones overlie pale grey 
fractured highly dolomitic limestones of the Kovada Dolomite (Figure 
2-3). Higher parts of the Limestone are well exposed on the northern 
slopes of Dulup Dal. The top of the Limestone is not, seen. In the 
type area, the Dulup Limestone is dominated by pelletoidal paàkstones 
and wackestones although grainstones.become more abundant upwards. 
Several dolomitic bands occur in the lover part. The Dulup Limestone 
is probably approximately 500 m thick in the type area. 
Regional Characteristics: The Dulup Limestone outcrops over a large 
area between Dulup Dai and çandir, 40 km to the south. Dumont and 
/ Kerey record, from bottom to top, Dolomitic, Oolitic, Reefal, and Algal 
members, although these cannot be clearly recognized in the type area. 
Limestones at Hudulca Tepe (Figure 2-3) and to the north, of çaykoy 
(Figure 2-1)-are here also assigned to the Dulup Limestone, although 
these were possibly not continuous with the main part of the Dulup 
Limestone. On Hudulca Tepe, the. Limestone includes dolbmitic, algal 
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and locally reefal fades. The DulupLirnestorie overlies the Kovada 
Dolomite in the type areas of both formations, but on Hudulca Tepe and 
in the çandir region (Akbulut, 1977), it overlies Halobia-bearing 
limestones which are here assigned to the Sofular Formation. 
: Dumont and Kerey (1975a) record Upper Jurassic to Lower 'Cretaceous 
•microfossilsfrom the.Dulup Limestone. In the southern part of the 
formation, however, Akbulut (1977) reports ages ranging from Triassic 
to upper Cretaceous. 	 - 
2-4 - Other Units 
a) Eridir Kizil Da Harzburgite 
Status: Formation defined by Juteau (1975);. ultrabasic rocks out-
cropping between Bai11i and Ayvali (Figure 2-1). 
Name: The Harzburgite is named after Kizil Da, a peak 4 km southeast 
of BaIlli. The peak is identified - as Eridir Kizil Da, to distin-
quish it from several other peridotite massifs in-S.W. Turkey which 
bear the samename (Juteau, 1975). 
Synonymy: Harzburgite du Kizil Da d'Eridir (Juteau, 1975). 
Type.Area: The road from Pazarköy to Ayvali (Figure. 2-3) offers excel- 
lent exposures of the .Harzburgite, in cuttings and in adjacent river bed. 
A full description of the Harzburgite is given by Juteau (1975). 
Although harzburgite with tectonite fabric is the dominant lithology, 
dykes and lenses of pyroxenite, dunite, and chromite occur. The Harz-




Several small outcrops of metamorphic rocks occur approximately' 
1 km south of Aksak. These rocks are fissile greenish chlorite schists 
with occasional bands of red inetacherts and finely banded marble. They 
appear to represent deformed and metamorphosed equivalents of the 
Havutlu Lava Formation, into which they pass transitionally. 
Massive Limestones 
Isolated massifs up to 1/2 km across of pale grey pelletoidal and 
algal limestone occur at various localities within the complex, notably 
at ErenlerTepe, 1 km east of Havutlu, and in the neighbourhood of 
Ailköy (Figure 2-3). As the age and stratigraphic relationships of 
most of these limestones are unknown, they have not been assigned to 
any formatiOn. 
Melange and Megabreccia 
The northeastern segment of the Antalya Complex includes extén-
sive "melanges", in which blocks of numerous lithologies are supported 
in a shaley matrix. Some of these melanges are sedimentary olistos-
tromes, deposited by debris flow, and are included in the GöynUk 
Formation. Others may be tectonic in origin, and pass transitionally 
into regimes of intense tectonic slicing which are nevertheless not 
true melanges since they do not have a matrix (Naylor, 1978). When 
poorly exposed, such regions cannot be subdivided into formations; they 
are mapped simply as "Melange and Megabreccia" (Figure 3-7, 3-8). 
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2-5 - - Correlation with Other - Areas 
The stratigraphy of other parts of the Antalya Complex has been 
documented by a number of authOrs, notably Akbulut (1977), Allasinaz 
et al. (1974), Ka1afatçiolu. (1973), Marcoux (in Delaune-Mayere et al., 
1977), Nonod (1977a), Poisson (1977) and Robertson and Woodcock 
(in press a, b, c). 
In general, the sediments of the Complex are divisible into 
"basin" and "platform" assemblages, corresponding to the Pazarköy and 
Yuvali. Groups. Figure 2-5 shows a number of "basin" sequences from 
various parts of the Complex. In most cases a Triassic sandstone-
dominated, sequence is overlain by Jurassic to Cretaceous bedded cherts 
and redeposited limestones, although the thickness of the chert-lime-
stone sequence varies greatly. "Platform" sequences 'similar to 'the 
Yuvali Group are recorded in the southwest segment of the Complex 
(Tahtali Da;.Delaune-Mayere etal. .(1977), in the region 20-50km' 
south of.Eridir (Sutçuler Unit; Akbulut, 1977), and in-the southeast 
segment of the Complex (Monod, '1977a). 
The ; Antalya Complex in, the area ,studiedalso shows similarities 
with parts of the Tauride "autochthon". The "Zindan Series" (sequence 
j of: Figure 2-2) is compared with, that of the aütochthon in the Barla 
Da (Figure 2-1), west'of Lake Eridir, by Dumont et al. '(1980). ..East 
of the area 'studied,. turbiditic sandstones..and mudstones (Kirkkavakand 
"KasimiarFortnations) resembling - those of the Sofular'-Formation..occur 
:extensively in the Triassic of' the Tauride Platform units.' The Jur-
assicYassiviran Limestone occurs both in the Antalya Complex and in 
the adjacent AnamasDag massif, while the underlying çayir..Formation. 
of the Anamas Dag is probably represented.by yellow siltstones and 
55 
pink sandy calcarenites which occur within the Complex at the base of 
the Yassiviran Limestone. The implications of these similarities are 
further discussed in Chapter 8. 
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CHAPTER 3 STRUCTURAL GEOLOGY 
3-1 - Introduction 
Previous workers have described the structure of the northeast 
Antalya Complex variously as: 
- a single folded stratigraphic sequence (Ortynski, 1941) 
- a stack of three nappes (Brunn etal, 1971) 
- an ophiolitic melange (Sestini, 1971). 
In order to distinguish between these, and other, possibilities, 
approximately 300 km 2 of the Complex were mapped in varying detail, 
using 1:25,000 topographic maps supplied by M.T.A. (Ankara). A chart 
on the main map (back of thesis) summarises the reliability and extent 
of mapping, which must be taken into account in the interpreiation of 
the map. Detailed mapping involved recording both Formations and 
prominent horizons in as much detail as could be accommodated at 
1:25,000 scale. Elsewhere, only the boundaries of the formal strati-
graphic units (Chapter 2) were recorded; individual blocks and slices 
in melange and megabreccia terrains were not distinguished. Continuity 
of structures outside the mapped area was checked along several recon-
naissance traverses; results are-mentioned where relevant in this 
Chapter And in Chapters 6 and 8. 
The dscriptive part of this Chapter is divided into two sections. 
Following this introduction, section 3-2 deals with structures observed 
in single outcrops (mesbscopic structures), while section 3-3 describes 
mapped (megascopic) structures. No systematic attempt has been made to 
extend analysis of deformationto the microscopic scale. The relation-
ships and origin of the various structures are dealt with in sections 
3-4 and 3-5. 
3-2 - Outcrop-scale - structures 
a) Folds 
Folds are the most .conspicuous structures in many outcrops: 
Rarely, direct evidence is seen to indicate that folding occurred by 
slumping 'soon after deposition and close to' the sediment-water inter-
face. These 'folds-have a number of geometrical features in common; 
they. are discussed 'together, with-other-sedimentary structures in 
Chapter 4. 
The majority of folds show no evidence of having formed at or 
near the sediment surface, and many affect a considerable thickness of 
strata. Fold style is variable, being controlled mainly, by lithology; 
distinct 'style groups cannot be distinguished. 
Shape of folded-surfaces: Figures' 3-1, 3-2 and 3-6 illustrate 
the variation in the shape of folded surfaces. Angular open to close 
folds (classification of Fleuty, 1964) of the - chevron type are most 
common. Figure 3-1 shows a fold iriwhich interlimb angle varies fromlayer 
to layer. Some layers'show'an isoclinal hinge region accommodated within 
the overallopdn to close shape. Ramsey (1974) has shown that this 
feature arises as a consequence of' chevron folding in a stack of layers 
of variable thickness, whenever deformation involves flexural-slip 
between buckled layers. 
Layer geometry: Dip isogons (lines joining points of .equal dip 
- Elliott, 1965) are shown in Figures 3-1 and 3-6 to emphasize' differ- 
encesin geometry between adjacentsurfaces. ' In both cases, relatively 
competent layers (chert or limestone)'-with class 1Cgeometry(weakly 
divergent isogons;' Ramsay, 1967) may be distinguished from less' compe-
tent layers (mudstone or' impure limestone) with class 3 geometry 
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(convergent isogons). Class lA geometry (strongly divergent isogons) 
occurs locally in layers of low to intermediate competence. True 
- -similar folds (class 2) are rarely seen; the appearance of similar 
folding is usually due to an alternation of class 1-and class 3 - 
geometry. Competence contrasts are most marked in bedded cherts 
(Figure 3-1) and least in thin-bedded limestones (Figure 3-6). The 
present day mechanical, properties of these rocks as observed in out-
'crop parallel the competence contrasts revealed by folding. . 
Brittle features: Brittle features- are often seen at fold hinges 
in the competent layers; these include small faults and 'joints at high 
angles to bedding (Figure 3-2b), and thrusts at low angles to the 
layers (Figure 3-1). Boudinage of competent layers may occur on long 
limbs of folds. Usually the boudins are irregular and brick shaped, 
but'cherts show lenticular boudins; in this. case, the shape may be 
partly diagenetic in origin (Chapter 5). In strongly folded outcrops 
boudinage and fracturing prevent tracing of individual beds, more than 
a few metres. 
Continuity of individual folds: Folds are often markedly non-
cylindrical, dying out over a few metres in the axial direction; defor-
mation is probably. accommodated by discontinuous folds arranged en 
echelon. 	 ' 
Mechanism of folding: Flexural slip' between layers probably 
accounts for, much of the strain involved in folding. 'Within individual 
competent layers, deformation is concentrated-in the hinge 'region, 
leaving the straight limb zones. relatively undeformed.' Deformation' 
within.the. competent layers is therefore probably inain'ly.by tangential 
strains. The abundance of brittle features and the lack,of metamor-
phism suggest .deformation,at a relatively shallow structural level. 
- on 
Superimposed folding: A number of outcrops show folds in super-
imposed relationships. Owing to the scarcity of axial planar fabrics, 
the wide scatter of fold orientations, and the absence of style groups, 
folding sequences are difficult to disentangle. As pointed out by Rams.y 
(1967), superiim posed folds do not necessarily imply, separate tectonic 
events, but may arise successively or even simultaneously during a 
single deformation. 
Figure - 3-3 summarises fold relationships at a number of locali-
ties. In most cases one or more (early) sets of structures are refolded 
along axial surfaces dipping to the north or northeast. These folds 
are designated the f2 group. Early structures refolded by f 2 , are 
extremely varied. At locality 4 (Figure 3-3) they are a single set of 
folds with axes close to those of f 2 but with opposite vergence; at this 
locality a weak stylolytic cleavage axial planar to the early.folds is 
slightly oblique to, and refolded by, the f 2 folds,. Elsewhere, at 
localities 1-and 2' for example, f 2 folds refold a variety of earlier 
folds which themselves show superimposed relationships. All these early 
folds are designated the f 1 group. It is not.known whether they can be 
explained as.a result of a single progressive deformation or whether 
they represent a series of separate 'strUctural events. 
At locality 3 of. Figure 3-3, two groups of folds may be distin-
guished -but the orientations of their .axes 'rule out a simple refolding 
hypothesis. Figure 3-4 shows .how these folds may have originated'by 
flexural slip folding of layers oblique to the bulk strain axes. 
Oblique strains are an inevitable consequence of flexural slip refol4ing 




Minor faults associated with folds were noted in the preceding 
section; other faults are often seen in outcrop, although the major 
fault planes revealed by mapping are seldom exposed. In thin bedded 
rocks, most fault zones are marked by zones of gouge, in which displaced 
fragments of competent lithologies lie ma matrix of sheared mudstone; 
some breccias of chert fragments are recemented by secondary chalcedony. 
In limestones and in some thick sandstone beds, minor faults are repre-
sented by a discrete slip plane, bearing slickensides or calcite fibres 
presumed to have developed during fault movement. 
Cleavage 
Although much of the Complex has suffered considerable strain, 
cleavage is only locally developed, and is never penetrative at outcrop 
scale. Cleavage is particularly developed in fine grained limestones 
of the Kocakent Tepe and Goynük Formations, but is also seen in Sofular 
Formation limestones. Cleavage planes, spaced at 2 to 10 mm intervals, 
appear smooth in hand specimen, and often show "refraction" in graded 
beds. In some outcrops, cleavage is seen to parallel fold axial planes. 
Bedding surfaces are frequently offset, in a normal sense, by cleavage 
planes. 
- 	Microscopic examination of cleaved limestones shows the planes to 
be somewhat irregular surfaces marked by concentrations of iron oxide 
and clay. They are interpreted as stylolites, analogous to those 
described in Italian cleaved pelagic limestones by Alvarez et al. -"  
(19.78). The apparent offset of bedding planes therefore results from 
solution of material on the cleavage plane rather than slip parallel 
to it. 
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Coarse textured limestone units of the Yassiviran Limestone and 
Yilanli Formation locally show closely spaced (2-10 cm) joints, which 
are also interpreted as a weak stylolitic cleavage. 
In sandy and argillaceous lithologies, cleavage is rare. A 
"pencil" cleavage occurs in red siltstones on Kirazlar Tepe north of 
Yilanli, paralleling the axis of a mapped fold in that region. Local 
stylolitic cleavage may be seen in thin sections of chert, near to 
bedding irregularities and minor folds. 
Joints and veins 
Joints are common in almost every Antalya Complex .lithology; 
they are particularly characteristic of bedded chert, in which they 
tend to be roughly perpendicular to bedding, causing the beds to disin-
tegrate at outcrop into small cubes. The orientation of these joints 
has not been investigated systematically; they are often absent or 
poorly developed at fold hinges, and therefore probably post-date 
folding. 
Fractures showing appreciable dilation are usually filled with 
calcite, though early gerierations of •fractures within chert have 
chalcedony, quartz, or rarely analcite fills. En echelon vein sets are 
sometimes seen cutting perpendicularly through chert beds. These 
probably formed as .a result of distortion in the layers during flexural 
slip folding (Figure 3-4). 
Melange and megabreccia 
The deformational features described in the preceding sections 
are generally seen in outcrops at which a single formation, or an 
orderly stratigraphic sequence, is seen. In contrast, many outcrops 
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in the area studied show a variety of rock-types, juxtaposed as frag-
ments from a few millimetres to tens of metres across. All the impor-
tant Antalya Complex lithologi,es are known to occur in such outcrops, 
which are best described as mlangés and megabreccias. An example of 
each category is described below. However, the distinction is not - clear-
cut; megabreccia passes into melange with increasing fragmentation and 
mixing of the lithologies involved. 
Negabreccia: Figure' 3-7 shows a sketch of an outcrop from a 
roadcutting.at Agilkoy; the following features distinguish it and other 
nearby outcrops from those described in the preceeding sections: 
A variety of •rock types are juxtaposed by faults. 
Competent lithologies such as limestone occur in large 
(1-50 m) blocks of irregular outline; thinly bedded and 
mudstone-rich lithologies occur mainly in elongated 
lenticular slices. 
Deformation is more intense than is typical of outcrops 
elsewhere in the Complex, though similar to that 
observed close to faults. Bedding is often disrupted 
by boudinage of competent. strata. A weak fabric is 
present in mudstones, causing them to disintegrate along 
curving and anastomosing surfaces into scaley fragments. 
Göynük Formation lithologies.- mudstone, chalk, 
ophiolite-derived sandstone, conglomerate - are more 
common than in the Complex as a whole. Figure 3-8b 
shows an extreme case: the outcrop consists entirely of 
Gdynuk Formation, but limestone occurs only asbiocks 
immersed in mudstone. 	 . 
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These outcrops are best described as megabreccia. Authors who have 
discussed the-terms melange, megabreccia, olistostrome, etc., have 
generally agreed that the term melange should be used for bodies of 
mixed rock in which . a matrix produced by mixing is present between the 
blocks (Greenly, 1919; Hsu, 1968; Naylor, 1978). In the outcrops 
described above, the. soft sheared material surrounding the more compe-
tent blocks has not been mixed; it consists entirely of large (1-50 m) 
slices of Antalya Complex formations. The term megabreccia is there- 
- 	fore used here. 	-. 	 - 	 - 
Melange: Figure 3-8a shows an outcrop roughly 50 in east of 
/ Figure 3-7, which it superficially resembles. However, the softer 
material here consists of calcareous shale, marly -limestone, red mud-
stone, -chalk, and dark limestone, occurring in small (2-30 cm) fragments. 
This outcrop can legitimatelj be described, as melange, although it 
differs from megabreccia only in the scale of the fragments; megabreecia 
passes into melange with increasing mixing. 
Even in outcrop, the two alternatives may be difficult todis-
tinguish. - Mixing may be-indicated by very rare exotic fragments in 
apparantly homogeneous rock-masses. In poorly exposed areas the single 
mapping category "m'lange/megabreccia" is used. 
- Melange and -megabreccia fabrics.: Megabreccias show three types 
of fabric. The first is the scaley fissility of mudstone. described 
above. The second is defined by bedding orientation, or the orientation 
of bed fragments within slices. The third is defined by the predominant 
orientation of -slice boundaries. (In--mlange, the second and third types 
cannot easily be distinguished, since single bed fragments often: con- 
stitude isolated 's1ices') 	The bedding and mudstone fabrics are usually 
broadly - coincident though both are folded; both show changes in orienta- 
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tion over short (1-10 m), distances, and tend to parallel the surfaces 
of large coherent blocks of limestone, etc. The slice-boundary fabric 
is difficult to measure directly; however, the traces of slice boun-
daries in large outcrops tend to be parallel to the smaller-scale 
fabrics, suggesting that all three are broadly coincident. 
Constitution: Table 3-9 lists components recorded in traverses 
across selected melange terrains, and shows that fragments may be 
derived from all parts of the Complex, including units no longer pre-
'served.in the area studied. The larger slices, particularly those in 
megabreccia terrains, show amore restricted range, usually being com-
patible with derivation from adjacent structural units. 
Origin: Tectonic shearing and superficial downslope movement 
may both be invoked to explain the juxtaposition of diverse blocks in 
melanges and megabreccias. When there is a superimposed tectonic fabric 
the results of the two processes may be indistinguishable. The follow-
ing observations have a bearing on the, nature of the mixing process: 
1) 	Abundance of the Göynuk Formation: In undeformed out- 
crops the Göynuk formation itself contains large clasts 
derived from within the Complex. Implication: at least 
some mixing was inherited from' the Goynuk formation, 
where it originated by sedimentary processes. 
ii) 	Excessive disruption of GOynUk Formation: Complete dis- 
ruption of original stratification (Figure 3-8b).is common 
in Göynuk Formation outcrops. Regular folding of type 
seen in other units (see above) is almost completely 
unknown. Implication: the Göynük'Formation. was very soft, 
and probably still wet, at the time of its deformation. 
Lack of correlation between mixing and deformation: 
Intimately mixed rnudstones containing flakes of diverse 
origin may show only a weak fabric; boundaries between 
flakes are not more sheared than flake interiors. 
Implication: at least some mixing was at a very super-
ficial level, or even by sedimentary accumulation of 
muds tone fragments. 
Relationship of megabreccia to-adjacent regions: mega-
breccia passes.transitionally with increasing slice size 
into mappable terrains with imbricated tectonic structure. 
Implication: at least some slices were created by thrust 
faulting. The mixing process generally did not distribute 
such slices outside their original structural units. 
Figure 3-10 shows a model compatible with all these features. Note that 
areas of uncertainty remain, particularly in the manner of incorporation 
of the larger slices; tectonic and sedimentary processes may both have 
operated. 
3-3 Mapped Structures 
a) Introduction 
To simplify discussion of the mapped structure,the mapped area 
will be subdivided into three portions. The first section of the account 
deals with the area south of grid line 80; the second (central) and 
third (northeastern) areas lie north of grid line 80, and are separated 
by an important fault running roughly NW-SE through Yilanli and Pazarköy 
(Figuure 3-13). The main structural units in each area are shown in 
tectonic summary maps (Figures 3-12 and 3-13) and cartoons (Figure 3-14), 
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but reference should be made to the 1:25,000 maps (back of thesis) for 
full details. 
The megascopic structure is dominated by fault, the majority 
of which are at low-angles to the stratification-in the units they 
separate; they are here termed thrusts, even though some have been 
rotated into near-vertical present-day orientations. Throughout much 
of the area, two types of thrust may be distinguished. First-order 
thrusts (toothed lines on maps) are mainly near-horizontal in present-
day Orientation; they may be traced for long (>10 km) distances and 
separate units with strikingly different stratigraphic sequences. 
Second-order thrusts are often steeper in dip - and separate units with 
similar stratigraphies. Tectonic units bounded by first-order thrusts 
are referred-to as thrust sheets (orsimply- sheets) even when sub- 
divided by second-order thrusts. Units bounded by second-order-thrusts. 
or immersed in miange/megab-reccia are, termed slices. 	 - - 
In the - southern and-central -p-arts of the area, a stack of-thrust 
sheets is present; these have been numbered from 1 to5 starting at the 
structurally highest. A different stack of sheets is - present in the - 
northeastern half of the area; -these are identified by letters A to D 
starting at-the-top. - A number of additional units of uncertain status 
or structural position are identified by -informal names - (e.g. Kizil 
Dag massif, çaykoyunit, Imbricated complex). The stratigraphic 
sequences characteristic- of each of the thrust sheets are: summarized 
in Figure 3-14. 
b)- Area south- - of g-rid -line 80 	 - 
Thrust sheet 1: Thrust sheet 1, the highest structural unit in 
the southern .area,--includes the summit-of DulupDai (2049 m); it is 
equivalent to the. Dulup Unit - Of Dumont and Kerey (1975a). The. inte:rnal 
structure of the sheet has not been investigated in detail, but there 
appear to be a number of gentle to open folds with wavelengths of 100 in 
to. 1 km. The basal thrust is also folded. Bedding orientations 
(Figure 3-15) suggest a predominant subhorizontal fold axis trending 
NE-SW. Klippen of sheet .1 are identified south of the main massif and 
also tothe east of Kizil Da, outside the area mapped (Juteau, 1975). 
Thrust sheet 2: Thrust sheet 2 outcrops extensively in the 
broad valley between Yuvali and Sipahiler, which forms .a half-window 
in sheet 1. It comprises at least two main slices elongated NW-SE, 
and a-number of smaller fragments. Within each slice, a sequence of 
platform-margin facies dips and youngs to the northeast. The sheet ends 
underneath the Dulup Da; further east, thrust sheet 1 rests on lower 
units. The internal geometry of sheet . 2 is shown incross section in 
Figure 3-11. 'A.plot of poles to bedding indicates folding about-near-
horizontal axes trending NW-SE parallel to the length of the slices 
(Figure 3-15). Megascopic and mesoscopic folds on similar axes are 
observed in several areas. 
Kizil Damassif and Aksak slice: East of Dulup Da, sheet 1 
rests on peridotitës of Kizil Dag massif and on the Aksak slice, con-
sisting of Havutlu Lavas. and sediments locally metamorphosed to green-
schist facies (Chapter 7). The orientation of the boundarybetween the 
Aksak slice and the Kizil Dag is poorly known; it probably dips steeply 
west. A sliver of characteristic thrust sheet 2 conglomerates (Goynuk 
Formation) occurs between sheet land the Kizil Da, showing the latter 
to be structurally below sheet 2.  
Other units: Sheets 1 and 2 and the Kizil Dag massif rest on a 
inelange/megabreccia terrain. Several large coherent slices are also 
mapped, corresponding in stratigraphic characteristics with thrust 
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sheets 4 and 5 but their structural relations are obscured by high-
angle faults. 
Massive limestones of the Karacahisar Massif occur at the extreme 
southwest of the area. -Dumont (1976a) records a low angle thrust con-
tact of the Antalya Complex on this unit, but within the area mapped, 
the contact is everywhere high-angle. 
Other high-angle faults cut the assemblage of thrust sheets 
within the Complex. A fault running roughly north-south downthrows 
sheets 1 and 2 and the Aksak slice on its eastern side; the throw 
increases from zero at Aksak to about 200 m 3 km to the south; the 
fault then branches into several strands. Another fault 2. km to the 
west downthrows sheets 1 and 2 on its western side, but the throw is 
not precisely determined. 
c) Central area 
Thrust sheets 1 to 3: Thrust sheet 1 extends into the southern 
-part of this area (Figure 3713), where it rests on a northern extension 
of sheet 2. 
Thrust sheet 3, which underlies sheet 2, consists of atleast 
two slices, but owing to the lack of stratification in the Dulup Lime-
stone of this sheet, its structure is incompletely understood. Tight - 
folds with subhorizontal axes trending about 1200 are mapped locally. 
The thickness of sheet 3 varies from less than 50 m where it emerges 
below sheet 2, to over 300 m at Hudulca tepe (grid 167853), 3 km to the 
north. The basal surface of the sheet is near-horizontal over most of 
its area, rising-in aslight dome underHudulcaTepe. In-the west of 
the mapped area, however, it is tiltedto near vertical bya north-
south trending later fold (Agilkoy fold), which also affects the under-
lying sheets-4 and 5. 
70 
71 
Thrust sheet 4: Thrust sheet 4 outcrops in a belt from the 
northwestern corner of the mapped area to a point 2 km east of Akdoan. 
It is also seen in a tectonic window through sheet 3 to the west of 
Akdoan. It is composite in structure (Figure. 3-16) including a broad 
central belt of megabreccia/mlange. This is flanked by belts of NW-
SE striking slices showing a sequence which dips and youngs to the 
southwest. The second-order thrusts between the slices also dip south-
west, probably at angles between 300  and 60
0 
. 
A thin overturned slice (the Akdoan slice) occurs at the top 
of the sheet in a small (1km2 approx.) area near Akdoan. It shows. 
different fades from the rest of the sheet and might therefore repre-
sent a separate tectonic unit intermediate between sheets 3 and 4. 
The lower bounding thrust of sheet 4 dips gently (probably 10-
300) southwest, with theresult that the sheet thickens in this direc-
tion. 
Thrust sheet 5: Thrust sheet 5 occupies a large area (17 km 2 ) 
to the northeast of sheet 4.' Like sheet 4, it consists of a number of 
slices separated by second order thrusts which dip generally south or 
southwest, although the thrusts are difficult to locate in much of the 
sheet, where they outcrop entirely within the Yilanli Formation (Figure 
3-16). The regional strike of these thrusts, and of bedding within the 
slices, is closer to an E-W direction than sheet 4.which therefore 
rests on successively lower slices of sheet 5 as it is traced from SE 
to NW. 
Thrust sheet 5 is cut by a low-angle thrust, the "çamyol thrust", 
which throws Yilanli Formation on top of steeply dipping Sofular Forma-
tion in the area northeast of Akdoan (Figure 3-17). Several klippen 
of Yilanli Formation cap hills to to the south of the main outcrop, 
truncating the other second order thrusts within the sheet. At its 
western extremity, near caykoy, the thrust is within 'Yilanli Formation, 
and is mapped with difficulty. At caykoy, the thrust merges with the 
basal thrust of sheet 5, dipping to the SE, S, and W. 
Bedding in sheet 5 dips. mainly to the S and SW (Figure 3-15). 
Gentle to open megascopic folds with steeply dipping axial surfaces 
striking around 0300 affect both bedding and second order thrusts 
(probably also the çamyol thrust) within sheet.5. Close to isoclinal 
megascopic folds trending E-W and NW-SE are well developed in the' 
camyol slice only. 
caykoy Unit: Thrust.sheet 5 rests on a megabreccia/melange 
layer which blankets the upper surface of west-dipping limestones of 
the caykoy unit. To the northeast this unit is bounded by a complex of 
faults, one of which, the Yilanli-Pazarkoy fault, dips steeply SW and 
has a normal throw. The orientations of the other faults are poorly 
constrained in the map area. The caykoy unit is also cut by dip faults 
responsible for its irregular upper surface, which do not cut the over-
lyingthrust sheets. The çaykoy Unitis interpreted as part-of the 
Taurus autochthon by Brunn et al. (1971). 'However, regional considera-
tion, and the configuration of the northeastern boundary df':the unit 
suggest that it is an allochthonous thrust sheet. The position of 
the unit is discussed in Chapter 8. 	' 
d) Northeast . -area 
Imbricated complex: To the northeast of the Yilanli-Pazarkoy 
fault, thrust sheets 1-5 can no longer be identified asseparate units. 
The lowest structural unit seen resembles sheets 4 an& 5 in consisting 
of a stack of thrust sheets, striking-NW-SE; mapped thrusts dip steeply 
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south. Like sheets . 4 and 5, this imbricated complex shows sequences 
younging mainly to the SW. In the Akçaar area Yilanli Formation 
radiolarites make up 50% of outcrop; east of Yilanli Ovasi, outcrop 
is predominantly Sofular Formation mudstone and sandstone. The precise 
relationships. of slices in this region are uncertain; additional thrusts 
may be undetected within areas of Sofular Formation. Tight to isoclinal 
megascopic folds with subhorizOntal axes are present in addition to 
thrusts. 
Thrust sheet D: Structures in the imbricated complex are trun-
cate'd 'in the Akçaar region by a low-angle first order thrust, above 
which occur a number of slices constituting thrust sheet D. The Akdoan 
Member, occurs in disconnected lenses within Sofular Formation in this 
unit, suggesting-tectonic disruption approaching that of megabreccia. 
Thrust 'sheet D is exposed in a restricted area , (3.5 km) near Akçaar, 
but tectonic windows near Sofular (grid 255885) and Sorkun Yayla (grid 
315885) reveal a probable continuation of the sheet below structurally 
higher units to the northeast of the Akçaar,outcrop. 
Thrust sheet C: Where thrust sheet D is absent, the imbricated 
complex is overlain by sheet C, which can be traced over a large area 
from Yilanli to Bucak. Iii its northernmost exposed region (north of 
Sofular) the 'sheet comprises a single coherent slice mainly of', south-
dipping Sofular' Formation, deformed by a number of high-angle 'faults 
and'folds (Figure 3-17). This slice is overlain at Sofular by a series' 
of smaller 'slices in'hich dip is mainly to the SW but yoünging direc-
tion is not constant; several slices are folded about steep axial sur-
faces striking NW-SE, with variable axial directions. Close to a tec-
tonic window 1/2 km south Of Sofular, bedding in the slices passes 
'through vertical to a NE dip. The window reveals sheet D (or possibly 
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imbricated complex) below sheet C. 	' 
Sheet C can be traced southeast to Asar Tepe where slices show 
entirely overturned sequences. Similar lithologies.occur further east 
as far as B.ucak, although.partly as megab.reccia/melnge. Small klippen 
showing similar facies occur in the neighbourhood of Mire (Figure 
3-131 resting on imbricated complex. 
To the north and east the sheet termintes under Akpinar Tepe 
and GavurçaliTepe (see Figure 3-13). Beyond this, higher units rest 
directly on sheet D. 
To the west, folded slices of Sofular and Yi.lanli Formations 
become partly immersed in melange/megabreccia; the precise limits of 
the sheet are therefore difficult to determine. In the region between 
Havutlu and Yllanli, slices surrounded by megabreccia/melange show a 
variety of stratigraphic sequences. The largest of these has ,a north-
facing. recumbent folded structure. These slices are probably not part 
of sheet C, but their structural position is uncertain. 
Thrust sheet B.: 	.2.5 km to, the northeast of Sofular (Figure 
3-13,. 3-17), thrust sheet C is overlain, with NE-dipping contact, by 
an assemblage of slices constituting thrust sheet B. Much of sheet B 
consists of megabreccia, in which detailed mapping has only locally been 
attempted; the boundary with.sheet C is poorly located in such regions 
(e.g.south of.Akpinar Tepe; Figure 3-13). Bedding orientations show 
a wide scatter and several overturned slices are present. Towards the 
northeast larger slices are separated by SW-dipping .second o.rder. thrusts. 
Thrust sheet A: Sheet B is overlain at Akpinar Tepe (Figure 3-13) 
by the highest unit in the. area, thrust sheet A. East of Bucak and 
southofAkpnar Tepe sheet B. js absent; sheet A.restsin turn upon 
sheet C and further east on- imbricated complex. A pronounced flexure 
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in the basal thrust lowers the, topographic level of the sheet, as well 
as its structural level, as shown in Figure 3-l7. 
The northern part of thrust sheet A, consists of massive Akpinar 
Tepe Limestone overlying Bucak Lava. A boundary of uncertain status 
(probably a fault pre-dating the formation of the sheet) separates this 
from a southern and eastern area in which occur similar limestones, 
together-with the "Zindan sequence" of platform-edge facies (see Figure 
2-2j). The area is cut by several high angle faults striking NW-SE, 
which offset the basal thrust of the sheet by 0-100 m vertically. 
Klippen of sheet A Akpinar Tepe Limestones occur at Aar Tepe 
and possibly on Kocakent Tepe to the north of the main part of the 
sheet (grid 290915, 286927).  
Several probable small 'windows occur in sheet A. The largest 
is to - the north of Karaçam Tepe (Figure 3-13) where a faulted band of 
Akdoan member suggests a window into sheet D or imbricated complex; 
the, mapped configuration of thrusts is conjectural, however. Northeast 
of Gavurcali'Tepe, a small area of Yilanli Formation, possibly - repre-
sents a similar window into sheet C. A third small windowoccurs within 
the Zindan sequence, revealing Sofular Formation mudstones of an unknown 
lower unit (grid 332865). 	 . 
The northeastern boundary of the Antalya Complex runs along the 
poorly exposed.valley of SOrkun Yayla. To the northeast of this line, 
the Anamas Dag massif dips gently northeast. At Gölcük Tepe, the 
'dolomitic Akpinar Tape Limestone of sheet A is indistinguishable from 
the adjacent Mentee Dolomite of the Anamas Dag sequence. The under-
lying Sofular Formation and overlying.algal.limestones also closely 
resemble the equivalent units in' the Anamas Dag immediately to the 
north. Sheet.A istherefore considered to-be structurally continuous 
with the Anamas Da sequence of the Tauride platform.. 
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3-4 Interpretation  
a) Introduction: two-episode model of thrusting 
Two stacks of thrust sheets are present in the Antalya Complex 
in the area studied. The interpretation of the gross structure of the 
Complex depends on the relationships between, on the one hand, sheets 
1-5 in the south and central areas and, on the other, sheets A to D 
in the northeast. 
The lack of correspondence in facies and internal structure pre-
cludes any simple one-to-one correspondence between the two stacks. In 
the southern and central areas, sheets 1 to 5 have a relatively orderly 
structure of imbricated slices (Figure 3-16), although some areas - of: 
mlánge and megabreccia are present. The..relationship between the 
first and second order thrusts clearly indicates movement generally 
towards the north or east. Figure 3-20 shows how the imbricated or 
duplex structure (Dahlstrom, 1970) of sheets 4 and 5 probably originated; 
the development of sheet 2 is shown in Figure 3-1. 
In contrast, thrust sheets B, C, and D in the northeast area 
have a relatively chaotic structure, with numerous overturned regions. 
Negascopic folds in more coherent areas (e.g. Figure 3-1g.) face south-
west, suggesting southwestward overthrusting. Thrust sheet A shows a 
similar structure in the region of' Gavurçali Tepe (Figure 3-13). Sheets 
A to D rest on, and strongly truncate, the imbricated complex, which has 
a structure analogous to sheets, 4 and 5; in the central area, the 
camyol slice shows a similar relationship to sheet 5 itself (Figure 3-
18). 
These observations are consistent with a two-phase model of 
thrusting. An early northeast-directed phase (t 1) is responsible for 
the stack of sheets (1-5) seen in the central and southern areas. A 
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later phase (t 2 ), of thrusting in almost the opposite direction affects 
the northeast part of the area, remobilising and overturning earlier 
slices as shown diagrammatically in Figure 3-21. Phase t 2 probably 
corresponds to f 2 folding. Some or all of the f 1 golds were produced 
during the early thrust phase. 
b) Emplacement vectors: methods of estimation 
Figure 3-22 shows an idealized block diagram of a composite 
thrust sheet of the type seen in the central mapped area. The relation-
ships of the various structural elements to the direction of movement 
are shown on the accompanying stereogram. In general, the following 
planar-and linear features are measurable in Antalya Complex slices: 
Bedding orientations 
Fold hinges 
Fold axial surfaces Observed 
Fold facing .and vergence directions 
Y) 	-Cleavage (Rare) 
Slickensides (Rare) 	- 
Stratigraphic boundaries 
- First order thrust planes 	 -Mapped 
Second order thrust planes J 
Ideally, any two of the planar features intersect in a common axis 
perpendicular to movement direction. Fold asymmetries and orientations 
also indicate the direction of thrust -movement (Hansen, 1967). 
In practice, uncertainties in measurement-and-irregularities in 
the thrust sheets limit the usefulness of many indicators of movement 
direction. Figure 3-22 shows the effect of a 100  obliquity of bedding 
to -thrust planes- on geometrical relationships, assuming that only fold 
axial surfaces retain their original relationship to movement direction. - 
Even this assumption is not strictly valid. -Borradaile (1978)- shows - 
that, in-the case of plane strain, -fold hinges- -may develop up to 34
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Errors due to local irregularities in thrust development may be 
reduced by averaging data from a large area of each structural unit. 
For most of the Antalya Complex thrust sheets bedding orientations were 
determined at many (.20-100) localities, whereas. only, a few emplacement-
related folds could be measured, often from a restricted area. Bedding 
orientations are therefore used in two ways to provide additional esti-
mates of emplacement direction. When poles to bedding are strongly 
clustered, the intersection of their mean orientation with the thrust 
surface defines a line perpendicular to movement direction in an ideal 
thrust sheet. If, on the other hand, folding within the sheet affects 
the distribution, bedding poles will plot in a "girdle" on the stereo-
gram, from which a mean fold axis may bedetermined. The statistical 
techniques used to define "mean" orientations and cones of confidence 
are outlined briefly in Appendix 2.  
c) Emplacement vectors: early structures 
Early structures (f folds and t 1 .thrusts) are well displayedin 
the southern.and central mapped areas. 
Sheets land 3 consist entirely of "platform" carbonates showing 
relatively simple tabular to open-folded structure; no .good evidence 
for emplacement direction is seen. 
Northeastward thrusting in sheet 2 is shown in Figure 3-19. 
Plots of poles to bedding and minor fold hinges (Figure 3-15) yield more 
precise estimates. Emplacement vectors are shown in Figure 3-24. Field 
observations indicate that :the dispersal of .bedding orientations shown 
in the stereogram (Figure 3-15). is mainly due to the megascopic north-
east-facing 'folds seen in cross section. Thus, the vectors obtained 
are believed to reflect structures generated during t 1 , and not the 
later effects of t2. 
Thrust sheet 4 contains a number of slices; in;the field con-
trasting lithologies make the repetition of the stratigraphy by second-
order thrusts particularly clear in this sheet, although the orientation 
of the second-order thrusts is poorly constrained by their outcrop. 
Mapped bedding/thrust intersections, and the girdle distribution, of 
bedding poles, yield two emplacement vectors shown in Figure 3-24. The 
discrepancy between the estimates is within the limits of sampling error. 
Thrust sheet 5 also has a duplex structure (Figure 3-16) although 
the mapped slices are of very variable dimensions. It is possible that 
additional second-order thrusts are present, particularly within the 
large area of Sofular Formation east of Akdoan. Because of the slight 
westward plunge of the slices under sheet 4, the precise orientation of 
bedding/thrust intersections cannot be determined from outcrop. Poles to 
bedding are strongly clustered, indicating little folding within the 
slices. Nevertheless, a mean fold axis can be determined (Figure 3-15), 
yielding an emplacement vector close to north, in good agreement with 
that obtained from the intersection of the mean bedding plane with the 
well-constrained basal thrust plane (Figure 3-24). 
These results clearly indicate that although thrust sheets 1 to 
5 were all emplaced broadly towards the northeast, there are significant 
differences between the units. These variations possibly result from 
pre-existing inhomogeneities in the Antalya Complex sediment, in which 
massive.-limestones and thin-bedded fades were irregularly distributed 
(see Chapter 8). 
d) Emplacement vectors: secondepisoe of thrusting 
Second episode major thrust sheets are confined to the north-
eastern. part of the mapped area, although. f 2 folds are found as far 
south as Yuvali in the southern area. 
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In the northeastern area, thrust sheets B, C, and D include 
numerous 'small (0.5 to 5 kin) tectonic slices. The majority of these 
slices were probably formed during t 1 . 'Because stratification was 
already offset by numerous thrusts, dcollement in the second episode 
was less regular. Considerable folding and re-arrangement of existing 
slices accompanied thrusting. It is not clear to what extent sheets B 
to D are themselves early structures, remobilised during t 2 . Areally 
sheets B and C have a relatively small overlap (Figure 3-17), sugges-
ting the interpretation shown in Figure 3-21. 
The highest t 2 thrust sheet, sheet A, shows no overturned or:: 
north-facing structures. It was probably not affected by t 1 . The sheet 
is, however, cut by a-number of high-angle faults, some of 'which visibly 
offset the basal thrust of the -sheet, and therefore must have moved 
after t2 . Nevertheless, faults such as that to the east of Karacam 
Tepe, and that between Karacam Tepe and Akpinar Tepe, seem to offset the 
internal stratigraphy of sheet A more than the basal thrust plane; 
therefore, they probably originated before thrusting. 
Figure 3-23a shows a plot' of poles to bedding, - and a small number 
of fOld hinges, from part of thrust sheet A. The girdle distribution of 
poles compares well with the mean fold axis. The two emplacement vector 
estimates' are shown in Figure 3-24. 
The structure of thrust sheets B and D,is too chaotic to yield 
meaningful emplacement directions. Thrust sheet C includes a relatively 
large coherent area (including the type section of the Sofular Formation) 
to the north of Sofular (see cross-section; Figure 3-17). Within this 
area, mega- and mesoscopic south-facing folds produce a broad girdle 
distribution of bedding poles apparantly mainly due to the later thrust 
event. The emplacement vêctor.given by this distribution agrees well 
with those from sheet A (Figure 3-24).  
Order of thrust development 
The folding of .the basal thrust of sheet 1 (Figure 3-11) mdi-
cates that it was already in existence when the slices of sheet two 
were stacked beneath it. A similar warping of sheets 1 and 2 over. 
sheet 3 can be deduced from outcrops in the central mapped area, sug-
gesting a general higher-to-lower order of thrust development for t 1 
thrust sheets, although no directevidence is available from sheets 4 
and 5. 
Evidence for the order of thrust development in the second 
episode is poor. Possible doming of the assemblage of sheets A, B, 
and C over sheet D (Figure 3-17) would again suggest a higher-to-lower 
order. 
Age of thrust episodes 
The date of episode.t 1 is not well constrained. The-youngest 
rocks deformed are late Cretaceous (Naestrichtian), but only a recent 
unconformable cover is seen. However, the, structural style of the 
Maestrichtian Göyn(ik Formation suggests that it may have been still wet 
at the time of t 1 , and its composition clearly indicates a syn-tectonic 
origin. The early episode is therefore believed to have started in 
Maestrichtian time, but possibly continued into the earliest Tertiary. 
The youngest autochthonous rocks underlying the Complex in the Karaca- 
hisar massif to the south of the mapped area are Naestrichtlan sediments 
including ophiolitic and radiolarite detritus (Dumont, 1976a). This 
suggests'that.episode t 1 caused the emplacement of theComplex onto 
this massif. 	. 	 . 
There is little evidence within the mapped area for the age of 
t2 . However, southwest-vergent thrusting and folding is extremely. wide- 
spread in the Anamas Dag and Akseki Massifs to the east and southeast 
(Monod, 1977a; Gutnic, 1977), where it is dated as Eocene. This defor-
mation would be expected to affect the Antalya Complex in the area 
studied. Event t 2 is therefore assumed to have occurred during the 
Eocene. 
g) Later structures 
Ailköy fold: An important mapped antiform affects thrust-
sheets 3, 4, and 5 (probably also sheet 1) in theregion of Ailkoy, 
turning all the major thrust surfaces to a near-vertical orientation in 
the region further west (Baglar area; grid 140980). This structure is 
seen in section BB' (Figure 3-16) though not in profile view. The axial 
surface of this structure dips towards the east. It is presumed that 
a corresponding syncline at depth rotates the major thrusts back to 
horizontal. The orientation of this structure is oblique to both t 1 
and t2 . It is perhaps related to. the "Aksu phase" (Poisson,.1977) of 
late Miocene westward thrusting which strongly affects the Sutculer 
region further south (Akbulut, 1977). 
Severalimportant high-angle faults are present in the southern 
mapped area. The most important of these trend roughly N-S and define 
a low horst in the area north of Sipahiler (both faults appear in 
Figure 3-12). 'The throw on the eastern fault dies out. northwards. 
The western boundary of the mapped area is formed by a remarkably 
straight depression (c1early visible on satellite photographs; Masson 
et al., 1975) which joins Eridir and Kovada lakes. The depression 
is 2-3 km wide and alluvium-filled but contains knolls of Dulup Lime-
stone. Until the land reclamation carried out in connection with the 
Kovada hydro-electric scheme (1960), the depression was occupied by a 
braided stream system. It probably represents a currently. or.recently 
active graben, parallel to the horst within the southern mapped area, 
suggesting that east-west extension ±s important at the present day. 
North-south faults are rare in the central, and northern mapped 
areas. A number of important NW-SE trending faults occur, however, 
of which the Yllanli-Pazarkoy Fault, postdating t
22 
 has-been discussed 
above (additional faults having this trend occur in the Sorkun Yayla 
area, cutting thrust sheet g, where they are thought to have developed 
during t 2 but parallel to earlier structures; see section 3-3d abovel. 
Other high-angle faults occur at Gavur Tape (grid 2628051 and 
at the extreme north of the mapped are (e.g. grid 295935). The age ( 
and precise throw of these structures are unknown. 
3-5-Reconstruction  Reconstru
a) Introduction 
In this section an attempt:is made to unravel the complicated 
stack of thrust sheets' present in the 'northeast Antalya Complex. 
to produce.,a palirispastic reconstruction of the otiginal (Mesozoic) 
palaegeography of the Complex. This process is subject to a number of 
uncertainties. The results must,'be regarded as-somewhat speculative. 
Firstly, there are uncertainties relating-to qualitative aspects-of the 
reconstruction: the initial relative positions of the units, seen. 
• Secondly, there'-are quantitative uncertainties, concerning the dimen-
sions and separation of the various units; because the amount of - move'- 
ment on most major thrusts is.unknown, only minimum values can be 
attached to the shortening represented. 
b) Basic geometry 
The style of thrusting in the 'Antalya Complex may be described 
as thin-skinned. The Mesozoic sedimentary cover has been largely 
removed by dcollment from its original basement, which is almost 
never seen in the area mapped. There is no evidence in surrounding 
areas for any large region of tectonic denudation, from which the An-
talya Complex sheets could have been derived by gravity sliding. 
Thrusting of the sedimentary 'cover in the Antalya Complex northeast 
segment is therefore probably a response to a corresponding shortening 
of the underlying basement, though the exact position and nature of 
this shortening is unknown. Sedimentary evidence (Chapter 8) suggests 
that the Complex in the Mesozoic was underlain by thinned continental 
crust. Thickening by telescoping during orogenesis would then have led 
to extensive.d'collemerit of the cover. 	 . 
The southern and central areas show no evidence to suggest 
cross-cutting of major f1 structures. The stacking order of sheets 1 
to 5 therefore probably reflects their original geographical arrangement, 
the highest sheets coming from furthest south (Figure 3-25a). The 	( 
shallow water carbonates (Chapter 6) of sheets 1, 3, and the Caykoy 
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unit therefore represent distinct carbonate banks or platforms, sepa-
rated by deeper water areas represented in sheets 2, 3, and 5. 
older- 
Departures from the expectedover-younger relationship at 
thrust faults (Elliott and Johnson, 1980) are seen locally within the 
stack.of sheets 1 to 5, for example at the base of sheet 2, where late 
Cretaceous Goynuk'Formation reststectonically on (3) Jurassic Dulup 
Limestone of sheet 3, and at the base of sheet 4, where Yi,lanli Forma-
tion locally appears with tectonic contact above Sofular Formation. 
These anomalies may be explained in a number of ways: 
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Unconformities in the sequence - deposition of Goynuk 
Formation may have occurred on already-thrust slices. 
Second-order thrusts in higher units may have been 
remobilised as-low-angle normal faults during movement 
of later sheets. 
Thrusting did not occur in a simple "layer-cake" sequence. 
A thrust fault encountering a pre-existing normal fault 
in the sequence would appear to jump stratigraphically up 
or down, creating abnormal superposition relationships 
(apparent low-angle normal faults). 
In the light of sedimentary evidence for-fault-control during the 
Mesozoic (Chapters.4 and 6), Option (iii) seems-most likely. 
The Kizil Dag peridotite massif (structurally below sheet 2) is 
anomalous in its postulated origin (Juteau, 1975) as upper mantle 
-material situated deep beneath oceanic crust. The associated Aksak 
slice may represent the upper levels of such crust, but the expected 
intermediate parts of an ophiolite suite (gabbro, dyke complex) are 
absent. The presence of these lithologies as clasts in thrust sheet. 
2 Göyntik Formation sediments suggests that anOphiolite suite underwent 
erosion before the deformation of this sheet. Initial uplift and :m 
placement of an ophidlite is thereforepresumed to have occurred before 
the thrusting of sheets 175. The now-isolated Kizil Dag massif and 
Aksak slice may be gravity-slide blocks derived from this ophiolite as 
shown diagrammatically in Figure 3-25b. 
Thrust sheet 3 occurs ma similar structural position to the 
Kizil Dag Massif. It-is conceivable that this.carbonàte unit may have 
a similar tectonically high origin. This. alternative is shown dia-
grammatically in Figure 3-25c. 	 - 	- 	 - 
The northeastern mapped area is more difficult to reconstruct 
because of the effects of the second episode of thrusting. Several 
initial arrangements are consistent with the structural evidence. How-
ever, sheets A, B, and C show a regular succession of fades suggesting 
shelf-edge environments during the Mesozoic. This supports the rela-
tively simple stacking model shown in Figure 3-21, deduced from.the 
geometrical configuration of the sheets. The position of sheet D is 
uncertain. It is not known whether it is an early structure, thrust 
from the south of the imbricated complex during t 1 , or a t 2 thrust 
sheet originating to the north of the imbricated complex like sheets A 
to C. 
b) Balanced cross-sections 
Figures 3-21 and 3-25 are drawn as cartoons to show the positions 
of the various units. In this section, a more quantitative approach is 
adopted, in order to put limits on their dimensions, using the "balanced 
cross-section" method of Dahlstrom (1969). 
Construction of cross-sections: Unstacking is based on .f our 
cross-sections, shown in Figures 3-26 to 3-29 (lines of section shown 
on 1:25 3,000 map). The cross-sections are parallel to best estimates 
of transport direction for the various thrust sheets. Numerous uncer-
tainties are associated with the construction of cross-sections. The 
following assumptions are made: 
i) 	The internal structures of sheets 2, 4 and 5 are projected 
onto the plane - of-section in a direction parallel to first-
order thrust planes and perpendicular to estimated move-
inent.direction. Because of the abundant non-cylindrical 
structures in sheets A to D, projection of structures is limited 
to 2 km on either side of the line of section. Sheets 1 
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and. 3 are assumed to have the same transport direction 
as sheets 2 and 4 respectively. 
ii) 	Remaining uncertainties, are resolved so as to keep the 
volume of concealed and eroded parts - of sheets to a 
minimum, subject to the requirement that the sections 
must balance; i.e. it must be possible to construct 
a restored section in which each stratigraphic unit 
occupies the same area (see below). 
Restored sections: The effects of each deformation are removed 
stage-by-stage, starting with the latest. The following assumptions 
are made: 
Deformation has been by plane strain with the XZ plane of 
the strain ellipsoid parallel tothe.section (orperpen- 
 dicular to fold hinges in the case of oblique late 
structures).'. That is to say there is no shortening or 
extension perpendicular to this plane; areas of units 
will be the same in the present-day and restored cross-
sections. The plane strain assumption is only likely 
to be satisfied in a long, straight, regular thrust belt. 
In an arcuate belt, Undetermined errors will be introduced. 
If, stratal shortening cannot be determined by comparing 
a. measured stratigraphic thickness with the thickness on 
the section, it is assumed that no stratal shortening has 
occurred except by folds' visible on the cross-section. 
iii). Where adjacent thrust sheets show 'highly contrasted 
fades or, thicknesses, a short transitional zone is. incor-
poráted,'to enable the reconstruction to be drawn without 
postulating extreme depositional slopes. 
- 	
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iv) 	Small errors due to construction of sections vertically, 
rather than perpendicular to slightly plunging thrusts, 
are neglected. 
The overall effect of .most of these assumptions is to produce the most 
conservative reconstruction consistent with the data. Shortening 
values will be minimum estimates. 
Results; Figures 3-26 to 3-29 show original and schematic 
restored cross-sections, covering the. whole width. of the mapped area 
from NE to SW. The sections could not be constructed along a single 
line, but lie in a belt 10-15 km wide across the Complex. If treated 
as a single section, they yield a shortening estimate of 72%.. •This is 
a minimum value. More realistic assumptions for the width of unexposed 
platform/basin transition zones, and for the amount of stratal shorten- 
ing due to minor folds, would produce a restored section perhaps twice 
as long, and a shortening value of. well over 80%. 
3-6 Conclusions 
Until late Cretaceous times, the Antalya Complex sediments 
remained generally undeformed, although they may have'beencut by high 
angle faults which were important in controlling sedimentation. Early 
tectonic events of unknown age are, however, recorded in the igneous 
and metamorphic units of the KiziI Dag peridotite massif and the associ-
ated Aksak slice. These will be discussed in Chapter 7. 
In Upper Cretaceous time, the Kizil Bag was uplifted relative 
to the Antalya Complex sedimentary domain, and emplaced as a sheet above 
Cretaceoussediments Gravity.sliding may have played apart in the motion 
of this massif (Figure 3-25). Shortly afterwards, the Antalya Complex 
-sediments underwent-progressive decollement and were stacked as a 	- 
series of thrust sheets, moving generally northeastwards towards the 
Anamas Dacarbonate platform (episode t 1 ). 
A subsequent thrust event (t 2) of probable Eocene age resulted 
in the remobilisation of earlier tectonic units in the northeastern 
and part of the central mapped area. Thrust sheets moved southwest-
wards folding and overturning the slices produced by t 1 . 
Subsequent events include folding in the west of the area 
Miocene) and movement on a number of high-angle faults, some of which 
may still be active. 
I 
PAGE NO. 
CHAPTER 4 REDEPOSITED COARSE SEDIMENTS 
4-1 	Introduction. 
................. ........................ 91 
a) Occurrence and general characteristics 
b) Field classification 
c) Laboratory investgatjon 
4-2 Fades and deposLtional iiechanisms ....................94 
al Introduction 
Fac±es T: thin areni,te 
Facies L: laminated arenite 
Facies G: graded arenite/rudite 
FaciesM: massive arenite 
Facies A: amalgamated arenite 
Facies R: massive rud±te 
Fades 5: slumps 
4-'3 	?alaeocurrents .........................................105 
4-4 Fades relationships and depositional environments-.... 	107 
a) Vertical sequence analysis 
b). Fades sequence 
ci Bed sequence: sedimentary structures 
d) Bed sequence: thickness 
e) Lateral facies changes 
f) Regional variations 
gi Discussion: environments of deposition 
4-5 Petrology: Sofular Formation ..........................114 
a) Introduction 
B) Grain components 
Matrix, cement and replacement components 
Composition 
Texture 	 - 
Discussion: source areas 
Discussion: diagenetic history 
4-6 Petrology: Ylan1i Formation, Kocakent Tepe Formation 
and Gavurçali Tepe Limestone ..........................121 
Introduction 	 - 
Grain-components 




Discussion: diagenetic history- 	 - 
4-7 Petrology: Göynük Formation ........................... 	129- 
a) Introduction 
B) Grain components 
Cement and marix components 
Composition 	 - 
Discussion 
4-8 	Conclusion ............................................132 
all 
91 
CHAPTER 4 	REDEPOSITED COARSE SEDIMENTS 
4-1 Introduction 
a) Occurrence and general characteristics 
Most sedimentary formations of the Pazarköy Group (Chapter 2) 
consist of alternating fine and coarse-grained beds. In this chapter, 
the coarse sediments are discussed. The fine-grained sediments (finer 
than very fine sand grade; see table 4-1) are considered in Chapter 5. 
In composition, the coarse-grained sediments range from quart-
zose sandstone to almost pure limestone. Sandstone is predominant in 
the Sofular Formation (Triassic to Lower Jurassic) although all inter-
mediate compositions of calcareous sandstone and limestone also occur. 
In the Yilanli Formation, the Kocakent Tepe Formation, and the Gavurçali 
Tepe Limestone (in part lateral equivalents of Jurassic to. Cretaceous.  
age), relatively pure limestones were deposited. The GöynUk Formation 
(U. Cretaceous) shows a return of terrigenous detritus, including 
ophiolite-derived material. 	. 
The coarse-grained sediments display a common  range of sedimen-
tary structures, including frequent grading and parallel lamination. 
Their fragmental texture and, in most outcrops, their repetitive altera-
tion with fine sediments are also characteristic. 
The fragments of which these arenaceous and rudaceous rocks are 
composed include shallow-water fossils and metamorphic and plutonic 
rocks fragments. They clearly originated outside, the pelagic environ-
ment indicated by fossils in the interbedded fine sediments (Chapter 5). 
Transport is believed to. have been by mechanisms of "sediment gravity 
flow", principally turbidity currents. These mechanisms are discussed 
in section 4-2 below. 
Compositionally similar limestones .occur in a number of forma-
tions additional to those -listed above,. including the Dulup Limestone 
and the Yassiviran Limestone, but showing different sedimentary struc-
tures and without interbedded fine-grained sediments. These are dis-
cussed in Chapter 6. 
Other coarse fragmental limestones, believed to be of intrafor-
mational origin, occur in the Akdoan Member of the Sofular formation. 
These are described in Chapter 5, since their origin is believed to be 
closely linked to - that of fine-grained nodular limestones also present 
in the Akdoan Member. 
The treatment- adopted .in this chapter falls into-two parts. The 
first few sections (2 to 4) deal with field aspects of the redeposited 
sediments, leading-to a discussion of depositional mechanisms and en-
vironments. Sections 5 to 7 record the results Of laboratory investi-
gation -..principally examination of thin sections - and their interpre- 
- tation -in - terms of. sediment sources and diagenetic history. 
b) Field classification 
Field investigation of coarse-grained (grain size greater than 
.06 mm) sediments is primarily based on measured sections, in which 
successive-beds or - groups of-beds are-described and measured starting 
either at the, top or at the bottOm of a well-exposed - sequence. 
To facilitate-the rapid, display of large amounts of information 
collected in this way, a computer program GEOLOG was written to produce 
a drawing on a 
I computer-pen-plotter. Appendix 2 gives a full account 
of the - program GEOLOG. 	 - 	 - 
For the purposes of field description the simple compositional 













"Arenite" and "rudite " refer to any rocks of mean grain-size less than 
and greater than 2 mm, respectively. The-terms-sandstone and con-
glomerate are reserved for rocks of terrigenous composition. Assign-
ment to the four categories under each heading was based on field 
appearance. Subsequent examination of thin sections shows that the 
boundaries of the categories fall around 60%, 80% and 90% of carbonate, 
but that there is a considerable margin of error (up to one category). 
Grain-size wasestimated using the Wentworth (1922) scale of 
categories (Table 4-1). Grain-size ranged from boulder-rudite to very 
fine sand, with medium sand as the commonest category. Except in the 
Goynlik Formation, rudites were mainly carbonates, whereas arenites 
showed a wide range of compositions. 
c) Laboratory investigation 
Modal compositions were determined by standard point counting 
techniques. Counts of .300 to 500 points, were used for sandstones and 
LI 
calcareous sandstones. Most limestones showed evidence of compaction 
and solution phenomena. Full point counts were attempted only when 
these were.absent. In other - cases, rough estimates or short counts 
(100 points) were made. 
Carbonate components were identified using staining techniques 
(Dick:json, 1965) in thin sections and acetate peels. In addition, 
four polished thin sections were examined using cathodo-luminescence 
(Sippel and Glover, 1965) to - reveal additional details of cementation 
history. The shapes of quartz and feldspar grains were examined by 
scanning electron microscope (SEN). 
4-2 Fades and depositional mechanisms 
a) introduction 
Redeposited coarse sediments of the Pazark6y Group characteris-
tically occur in discrete beds from 1/2 cm to'(exceptionally) 30 in or 
more in thickness. These coarse beds are separated by intervals of 
fine-grained sediment - mudstone, micritic limestone, and radiolarite. 
In well exposed sequences, bed-by-bed description is possible. However, 
limitations of exposure and time enforce a less thorough approach in 
most areas. A facies classification is here adopted, both as an aid 
for rapid description and 'presentation of long measured sections, and 
to assist processing of data collected from shorter sections measured 
bed by bed. 	 '. 
A fades comprises coarse beds having certain field characteris-
tics in common, together with the associated fine interbeds. The less 
common fades (G, N, and R) often occur as single isolated beds. In 
contrast, intervals of fades T '(thin-bedded arenite) often include tens 
or hundreds of beds. 
The classification is in principle, independent of composition. 
Beds with similar'bedding characteristics and sedimentary structures 
are grouped in the same facies regardless of whether they are sandstones 
or limestones. 
The following seven facies are used: 
Fades T (thin ,arenite): All beds thinner than 50 cm; though 
mainly of sand' grade, the fades includes occasional 
rudite beds. 
Fades L (laminatédarenite): Inter-laminated and f laser 
laminated arenite and mudstone in which alternation 
of discrete arenite and' mudstone beds is not 'clear. 
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Fades C (graded arenite/rudite): Normally graded beds 
thicker than 50. cm. 
Fades N (massive arenite): . Ungraded, usually structureless 
arenite beds.. 
Fades A (amalgamated arenite): Ungraded or irregularly 
graded arenites containing occasional parting 
surfaces. 
Fades R (massive rudites): Ungraded and inversely graded 
rudites. 
Fades S (slumps): Facies T modified by post-depositional 
slumping and down-slope movement. 
As far as possible, the fades have been defined to coincide with 
apparent natural categories, although some inter-gradation between 
facies is seen. The division between thin arenite (T) and fades G, M, 
A, and R is arbitrarily taken at a thickness of 50 cm, although in some 
sequences this corresponds to the minimum in a bimodal distribution of 
thicknesses. In contrast to many fades schemes for resedimented 
coarse clastics (e.g. Walker, 1978; Walker andNutti, 1973) graded 
arenites and rudites are not placed in separate categories. This is 
because a large proportion of limestone beds show gradation from rudite 
to arenite, with very coarse arenite and granule rudite being particu-
larly abundant.. 	 . 
Most measured sections include intervals of fine-grained sediment 
without arenite Or rudite beds. Intervals thicker than 50 cm without 
coarse beds are, for the purposes of this chapter, assigned to an eighth 
"mudstone" facies (m), ,regardless of composition; Mudstones and other 
fine sediments will be discussed in Chapter 5. 
b) Fades T: thin arenite 
Fades T is characterised by alternating arenite and mudstone 
beds up to 50 cm thick (Figure 4-3a). It is the most abundant fades 
in the majority of sections. In the Sofular Formation the arenites 
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include sandstone, calcareous sandstone and calarenite, interbedded 
with friable mudstones. In the 'filanli and Kocakent Tepe Formations 
and the Cavurçali Tepe Limestone only calcarenites are represented. 
Becausethe fine interbeds are often erosion-resistant cherts and 
limestones, the arenite beds are less conspicuous in outcrop than those 
of the Sofular Formation. Nevertheless, they show similar bedding 
characteristics and sedimentary structures. Göyntik Formation arenites 
resemble those of the Sofular Formation in field appearance. 
The vast majority of arenite beds show normal grading, though 
often only in the upper part. Basal surfaces are sharp and when well 
exposed (mainly in the Sofular Formation) show a variety of sedimentary 
structures including frequent bioturbation (Figure 4-3b), flute casts,. 
groove casts, load structures, and occasional gutter casts (Figure 
4-3c). Parallel and ripple cross-lamination are the most common inter-
nal sedimentary structures. Typical sequences of structures are shown 
in Figure 4-7a. Most correspond to the Bouma (1962) sequence, charac-
teristic of turbidites, or to "base absent" versions of the sequence. 
These beds are equivalent to the "classical turbidites" of Walker (1978) 
or to fades C and D in the classification of Walker and Mutti (1973), 
characteristic of basin plain and mid to outer deep-sea fan environments. 
The ratio of arenite to mudstone ranges from .05 to .95 or more. 
Amalgamated units occur when the proportion of mudstone in the facies 
is low; the base of each bed is usually marked by a sharp grain-size 
change and parting surface; alternatively, a thin zone of mixing is 
developed, with a poorly sorted sometimes matrix-supported texture. 
Bedding is broadly continouous at outcrop scale (Figure 4-3a); however, 
a proportion of beds show gradual lateral thickness changes over 
distances of 2-to 10 m. More rarely, sharply lenticular cross-sections 
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are seen (Figure 4-3d). Beds of this type are proportionally most 
common in mudstone-dominated intervals low in the Sofular Formation. 
Interspersed with arenite beds are occasional aberrant units 
with rain-size coarser than 2 mm (rudites). Some such beds are nor-
mally graded, and appear to be merely coarser equivalents of typical 
arenite beds. Others are ungraded or show inverse grading of the types 
shown in Figure 4-7a. These beds are often strongly lenticular, and 
may be amalgamated with normal thin ar en ite beds. 
Interpretation: Laterally continuous normally graded beds with 
Bouma sequence structures are interpreted as moderately distal turbi-
dites, representing down-current equivalents of thick beds characteris-
tic of Fades C (see below). 
Aberrant beds with deep basal scours or coarse grain-size were 
deposited by high energy flows with erosive and sediment-transporting 
power comparable with much thicker units (Fades G, M, and R). The 
thinness and lack of lateral continuity of these aberrant beds indicate 
a predominance of erosion over deposition. Substantial by-passing of 
the sediment load probably occurred, so that in some cases deposition 
of a sand layer occurred only in the more deeply scoured hollows eroded 
during early stages Of flow. 
These aberrant beds suggest a slope environment, since minimal 
deposition is likely to occur when aflowis accelerating down-slope, 
and therefore able to maintain or increase its sediment load. In con-
trast, laterally continouous beds, with unscoured bioturbated bases, 
were produced by slower, decelerating flows. 




1) 	Dispersive pressure: Pressure produced by grain inter- 
action (Bagnold, 19541 is greater for coarse grains, 
which move to the top and sides of the flow. 
ii) Kinetic sieving (Middleton, 1970): This is the process 
whereby small grains fall downward between large grains 
which therefore tend to be left at the top of the flow. 
Both processes would operate only in flows denser than normal turbidity 
currents. Both could produce the two types of bed seen (Figure 4-7a). 
Segregation of coarse material at the edges, as well as the top, of 
lenticular units (Figure 4-7b) favours the dispersive pressure mechanism 
for these beds. 
c) Facies L: laminated arenite 
In contrast to most thin-bedded intervals, parts of the Sdfular 
and Yilanli Formations show a less well-defined alternation of arenite 
and inudstone. When distinct arenite beds are present, they often have 
gradational upper and lower surfaces. Discontinuous "f laser" laminae 
of -arenite a few millimetres thick occur within mudstone. Concentra-
tionsof plant fragments occur in the Sofular Formation examples, 
locally forming thin (1 cm) coal seams. 
-Very low-angle small-scale cross-lamination is visible in many 
beds. Figure 4-5a shows wavy-bedded calcarenite from the Yilanli Forma-
tion. A variety of irregular features suggesting boudinage and localised 
slumping of sand laminae- are visible-in-some Yilanli Formation laminated - 
arenites. Bioturbation and sole marks are not recorded, although some 
interbedded mudstones in the Sofular Formation are strongly bioturbated. 
Interpretation: Facies L (laminated arenite) - is relatively 
uncommon. Small scale ripple and flaser lamination, and sorting of 
- - plant fragments into laminae, indicate reworking of sandy and muddy 
sediments.by traction currents. The sand-grade material may have been 
initially introduced by the same currents or, more probably, by tur-
bidity currents similar to those which deposited facies T. 
d) Fades G: graded arenite/rudite 
Arenite and rudite beds thicker than 50 cm and showing normal 
grading near the upper surface are assigned to fades G. This facies 
occurs in all the formations listed in section (a) above. 
Beds of terrigenous composition in this facies are invariably 
arenites, but carbonate beds include rudites containing clàsts up to 
50 cm in diameter. In mixed-composition beds from the Sofular Forma- 
tion, the proportion of terrigenous material commonly increases upwards 
with decreasing grain-size. 
Most beds appear laterally continuous, in outcrop, but a number 
of markedly lenticular examples were noted (see also.section 4-5 below). 
Basal surfaces are generally sharp and sometimes show a cross-cutting, 
erosional relationship with underlying thin arenites (Figure 4-17). 
They show flute moulds, groove moulds, or rarely load structures. A 
small number of beds are penetrated by complex-flame structures of mud-
stone (Figure 4-7c). 
Grading is usually restricted to the upper part of abed. Some-
times only a few centimetres of graded arenite overlie a thick (0.5-4 m) 
ungraded interval. Such'beds are transitional to facies N and R (massive 
arenite and massive rudite). Weak inverse grading may also be present.' 
Usually this' is confined to the lower third of a bed, but occasionally 
a concentration of coarse material occurs in a thin layer at the upper 
surface. 
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The most common internal sedimentary structures are parallel 
laminations, sometimes picked out by stylolites, or bands of differen-
tial cementation or chert replacement. Usually laminations are absent 
from the basal part of a bed and increase in density- upwards, but basal 
inversely graded intervals generally show lamination also. Laminations 
may have a concave-upwards cuspate shape (Figure 4-5b) resembling dish-
structure (Stauffer, 1967). Rarely, wavy lamination or low angle ripple 
cross-lamination occurs near bed upper surfaces. Larger-scale cross-
stratification is rare (Figure 4-5c). 
Clast imbrication is not visible in rudites of this facies but 
the homogeneous weathering of most rudites makes the degree of clast 
orientation difficult to assess. A small amount of fine-grained matrix 
is visible in some rudites, but all are -clast-supported. Intraclasts 
of fine sediment are very common. Chert intraclasts are flake or tablet-
shaped (Figure 4-5d) but calcilutite and mudstone intraclasts show a 
variety of shapes from flakes to ovoid blebs. They may have diffuse 
margins suggesting mixing with the surrounding arenite, producing a 
localized matrix-supported texture. Intraclasts are either distributed 
throughout a bed or concentrated at a particular level, usually the 
base, where they may constitute more than 50% of the rock. They often 
show bedding-parallel preferred orientation. 	 - 
Graded arenite/rudite beds may be -amalgamated -or they may be 
separated by mudstone intervals. Graded arenite/rudite is the second 
most abundant facies in the sections measured, after-thin arenite 
(fades 1). It constitutes up--to -80%- of the thickness of some sections. 
Interpretation: Fades G arenites and rudites- represent rela-
tively "proximal" sediment gravity flows equivalent to facies A2, A4, 
and C of Walker and Nutti (1973). Interpretation of the depositional 
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mechanism is hampered bythe lack of experimental data on coarse-
grained, high-energy flows, but the observed continuum of sedimentary 
structures between facies G and T suggests that turbidity flow was 
important. The rarity of a ripple-laminated Bouma "C" division in 
facies G can be explained by the failure of most flows to sort a 
sufficiently fine-grained "tail" for ripple formation. Ripples do not 
form in sedimentscorsec than 0.6 mm (e.g. Harms et al., 1975). Inverse 
grading may be due to dispersive pressure or kinetic sieving as. in 
facies T. . Lowe (1976) has shown that the importance of dispersive 
pressure in sediment gravity flows increases with grain-size. Dish 
structures (Stauffer, 1967) are produced by the rapid post-depositional 
escape of water (Lowe and LoPiccolo, 1974) but are not indicative of any 
particular flow mechanism. 	. 
e) Fades M: massive arenite 
Facies M is distinguished from. .facies G by the absence of normal 
grading. Beds of mean grain size up to 4 mm are included in this facies. 
Units of coarser grade are assigned to facies R. Massive arenites are 
usually unlaminated, but sometimes show traces of an original lamination 
deformed into convolutions on the scale of an entire bed. Grading is 
completely. absent, or very weakly-.and irregularly developed. Rarely a 
concentration of coarse material is seen in .a layer at the top of a bed. 
Both upper and lower surfaces are usually sharp. Sole marks 1have not 
beet seen. Variations in thickness are sometimes seen in outcrop when 
beds are traced 3-10 m laterally. 
Intraclasts are common in some beds, resembling those of fades 
G. They do riot usually show preferred orientation. 
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Massive arenites are less abundant than their graded equivalents 
of fades C, but are common in some sections. Apparently single beds 
of massive arenite up to 60 m thick occur in the Gavurçali Tepe Lime-
stone and in the type section of the Yilanli Formation. 
Interpretation: Massive arenites show few indications of trans-
port mechanism. Traces of metre-scale convolute lamination in some beds 
suggest rapid deposition with subsequent fluidization during water-
escape. This process, could possibly homogenize an originally graded 
bed. However,.concentration of intraclasts at the base of some otherwise 
uniform beds, indicates that homogeneity dates from before intraclast 
incorporation, and therefore before deposition. These beds must repre-
sent high-energy flows which rapidly "froze" without becoming sorted. 
A mechanism of grain-support involving fluidized flow would explain the 
homogeneity of the layers (Middleton and Hampton, 1976). 
f) Facies A: Amalgamated arenite 
Intervals of'arenite thicker than 50 cm showing parallel lamina-
tions or parting surfaces and irregular grading patterns constitute 
fades A. (Amalgamated stacks of distinct normally graded arenite beds 
are 'included in fades T and G) 
Parallel lamination is sporadically developed, and strong parting 
surfaces spaced at 5-50 cm are usually present. As well as local normal 
and inverse 'grading, there may be sharp changes in grain-size at parting 
surfaces. ' Flute casts and current lineations occur on some parting 
surfaces. Laminations are sometimes deformed into concave-upwards dish 
structures (Figure 478b). 
The-proportion of amalgamated areniteis small (less than 10% 
of total thickness) in all the sections measured. Fades A is not 
recorded in the 'Kocakent Tepe and Göynfik Formations. 
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Interpretation; Fades A amalgamated arenites cannot clearly 
be divided into beds representing discrete events. The abundance of 
parallel lamination and the presence of flute moulds on some parting 
surfaces indicate that the sediment surface was well defined, and that 
erosion, as well as deposition, occurred during intervals represented 
by this facies. Dish structures indicate post-depositional water 
escape . (Stauffer, 1967; Lowe and LoPiccolo,1974), implying rapid depo-
sition. Fades A probably represents relatively continuous, rather than 
episodic, sediment gravity flow moving in the upper flow regime (Simons. 
and Richardson, 1963). 
g) Facies R: massive rudites 
Massive ungraded rudites occur in the Sofular, Yllanli and Goynük 
Formations and the Gavurçali Tepe Limestone. 
Because they.are often thick (up to 30 m) anderosion-resistant, 
massive rudites can often be traced laterally more easily than other 
facies. Most are found to be strongly lenticular over distances of 10 
to 500 m. Upper and lower surfaces are usually sharp, though weak 
inverse grading may be present at the base. Basal cross-cutting 
erosional.relationships are sometimes seen. 
Some massive rudites contain aJ.arge amount of fine-grained 
matrix. In the Sofular Formation the matrix is calcareous mudstone, 
and varies inamount within single beds. Locally.-the rudites are 
rubbly and matrix-supported. Poorly sorted massive rudites of the 
GöynükFormation also show matrix support (Figure 4-10a), the matrix 
in this case being serpentine-rich mudstone or fine sandstone. In 
contrast, massive calcareous rudites in the Yilanli Formation, and 
the Gavurçali Tepe Limestone are all clast-supported. 
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Clasts are up to 1 m diameter (long axis), though pebble and 
cobble sizes (Table 4-.1) are more common. Some Yilanli Formation 	 0 
rudites of this facies consistof slab-shaped blocks of inicrtic 
limestone (Figure 4-b). Even.in clast-supported examples, sorting 
is usually poor. Clast imbrication is seen only locally, in the Göynük 
Formation. 
Interpretation: Massive rudites probably formed by more than 
one depositional mechanism. Matrix-supported rudites of the Göynük 
Formation (Figure 4-10a) are probably true debris flows, since the larger 
clasts were apparently supported by the strength of the matrix (Johnson, 
1970). In contrast, patchy matrix support seen in some Sofular Formation 
rudites probably resulted from erosion and incorporation of mud into an 
initially, granular flow. Grain-support during movement of these,. and 
the calcareous rudites of the Yilanli Formation and the Gavurçali Tepe 
Limestone, must have been by some combination of fluid turbulence,.water 
escape, and grain interaction (Middleton and Hampton, 1976). 
'h) FaciesS: slumps 
The sequence in Figure 4-9 contains two prominent folded hori-
zons. Within these horizons sand layers are deformed into tight to 
isoclinal folds, sometimes with strongly thickened hinges-,(Figure 4-8c). 
Beds may be disrupted on fold limbs, leaving isolated fold hinges and 
sandstone pebbles surrounded' by mudstone. Axial 'surfaces are nearly 
parallel to the bedding in undeformed adjacent parts of the sequence. 
Folded arenites and mudstones are sometimes truncated at the base of an 
overlying undeformed sandstone bed (Figure 4-8d), demonstrating that 
deformation occurred by slumping of fades T arenites and mudstones, 
at or very 'close to the sediment surface. 	' 	 ' 
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Pebbly mudstones are seen in the type section of the Sofular 
Formation. These contain small balls (,1-3 cm diameter) and larger 
slabs of arenite, supported in a matrix of mudstone. Some carbonate 
debris similar to that in nearby calcirudite is also present. They 
probably represent a further stage in the. disruption of originally 
continuous strata, and are therefore included in fades S. 
Slumps and pebbly mudstone layers are up to 2 m thick. They 
makeup . small percentage of the total thickness of the Sofular and 
Goynük Formations (other parts of the GbynUk Formation have suffered 
complete soft-sediment disruption of stratification, as discussed in 
Chapter 3 in connection with the development of melanges; Figure 3-8b). 
Interpretation: Slumps and pebbly mudstones of facies S formed 
by movement of facies T thin arenites and mudstones after deposition. 
Although slump folds can form as load structures in horizontal wet 
sediments, the almost constant sense of asymmetry in the Sofular Forma-
tion examples implies movement on a slope. Pebbly mudstones show no 
directional structures, but do not resemble the "pseudonodules" produced 
by vertical loading (Macar and Anton, 1950; Dzulynski and Walton, 1965). 
Theywere probably formed, like slump folds, by failure and down-slope 
movement of unconsolidated thin-bedded sediments. 
4-3 Palaeocurrents 
Conventional palaeocurrent analysis is hampered in the Antalya 
Complex by a number of factors. Most redeposited sediments occur in 
small tectonic slices, which have suffered deformation, in at least two 
episodes of thrusting and folding (Chapter 3). The restoration of 
linear structures such as flutes,.grooves, etc., to their original orien- 
tationdepends on the deformation mechanjsm CRamsay, 1961) and on the 
exact fold orientation. Although a well-constrained mean fold axis can 
often be obtained from a tectonic unit.(section 3-4), local bedding 
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orientation often shows considerable scatter about the ideal girdle 
distribution, reflecting a corresponding scatter in fold orientation. 
Additional difficulties arise in calcareous redeposited sediments 
because outcrops weather by solution, obliterating sole markings, and 
because most are interbedded with resistant cherts or fine limestones. 
Systematic measurement of sole marks is only possible in the sandstones 
and friable mudstones of the Sofular Formation. 
Data from two tectonic units are summarized in Figure 4-14. The 
tectonic tilt in each case has been removed by rotating measured vectors 
about a mean local fold axis obtained from bedding pole distribution in 
case (.1) and from observed mesoscopic tectonic folds in case (ii). This 
procedure is equivalent to assuming a common fold axis for all deforma-
tión episodes and a flexural slip deformation mechanism. 
The results in case (1), :for Sofular Formation sandstones of 
thrust sheet C, indicate a predominant east to west current direction, 
roughly parallel to the probable margin of the contemporary carbonate 
platform represented in thrust sheet 1 and the Anamas Dag to the north-
east. A subordinate southerly mode is possibly indicated by two measure-
ments. Case (ii) shows slope directions inferred from slump folds 
(Woodcock, 1979) in thin-bedded arenites near Mahmatlar (Figure 4-9; 
outside mapped area, but probably in a position equivalent to thrust 
. sheet C). The folds all indicate a slope downwards to the south or 
southwest. Rare flutes (one bedding plane only) indicate a downslope 
current direction, away from the contemporary platform. 
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4-4 Fades, relationships and 'deposit ional environments 
Vertical- sequence analysis 
Two types of vertical sequence analysis are here attempted using 
measured section data. The sequence of fades in long sections is 
- examined using a standard-transition matrix method (Appendix 1) in 
section (h) -below. This method attaches disproportionate weight to 
thick-hedded fades, however, because in most sections the majority of 
depositional events produced thin arenites, classified -as a single 
facies. To overcome this bias, section (c) examines sequences of 
individual beds, rather than facies. This type of analysis requires 
- good exposure, and is not applicable to fades 2, 5, and 7, in which 
- discrete beds cannot be systematically defined. 
- Fades sequence 
Transition matrices for facies 1-7 in several measured sections 
are shown in Table 4-11. 
-Only one matrix yields a value of the test statistic unlikely 
- 	- 
 
to arise from a random succession of facies. The over-represented 
transitions -(starred in Table 4-11) are mainly those from thick-bedded 
fades to thin arenite, and the transition from thin arenite to graded - 
arenite/rudite (f acies G). Transitions between fades - N and A are 
- mostly under-represented. This indicates that after -a transition from 
thin arenite to one of these facies, the likely, next transition is a 
- return to thin arenite. 	- 	 - - 	- 
This result is at first surprising, in view of the apparent 
grouping of thick-bedded facies into packets (Figures 4-18 - and 4-19). 
However,-,inspection of the sequences shows that grouping is largely-due 
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to variation in. the relative thickness of fades intervals, an affect 
not shown by the transition matrix. 
c) Bed sequence: sedimentary structures 
Beds in a number of sections have been classified into the Bouma 
sequence types listed in Figure 4-7a above. These data are used to 
calculate Walker (1967) ABC indices for each sequence, shown in Table 
4-12. The values range from 76% ("proximal": predominance of beds with 
massive basal divisions) .to 36% ("distal": mainly laminated and ripple 
laminated bases), and correlate roughly with arenite/mudstone ratio. 
Table 4-12 shows a transition matrix for Bouma sequence types. 
The results are consistent with a random sequence. 
d). Bed sequence: thickness 
Arenite layer thickness is measured on a continuous numerical 
scale. A sequence Of measured thicknesses may be treated mathemati-
cally as.a time series (Davis, 1973) and analysed by techniques addi-
tionalto those used for - discrete variables such as fades or bed type 
(Appendix 2). 	 . 
The distribution of bed thicknesses (Figure 4-13) is strongly 
skewed in a positive sense. The logarithm of thickness shows a more 
symmetrical distribution. In most sections (Figure 4713; top), the 
distribution is consistent with sampling from a lognormal population 
but other skewed distributions are not excluded .by the data. 
Section Yl of Figure 4-6 shows a bimodal distribution (Figure 
4-13; bottom). It is a very unlikely sample from a lognormal distribu-
tion. Separating calcarenites from sandstones shows that two uniinodal 
populations.are present, the sandstones being thinner than the calcare- 
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nites. 
Grouping of thick and thin beds may be investigated using the 
Wald-Wolfowitz Runs Text (see Appendix 2). Beds were classified as 
thick or thin for this teFt by dividing each sample at its median. In 
most sections.'tested, the number of "runs" of consecutive thick or thin 
beds was consistent with a random sequence. Section Yl (Figure 4-6) 
gave .a weakly significant result, confirming the visual impression that 
thick beds occur in groups. 	' V 
Autocorrelation analysis (Appendix 2) showed the same tendency 
for thick beds to follow other thick beds in section Yl, but not in 
sections dominated by thin arenite. Autocorrelation at higher "lags" 
than one (which would indicate periodic components of thickness varia-
tion) were not significant (Figure 4-16). 
No significant correlation of bed thickness with the thickness 
of the overlying or underlying mudstone interval was detected in any of 
the sections tested. The mudstone intervals themselves show a skewed 
distribution similar to that of the arenite layers. 	
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Sequences were tested for asymmetry using the transition differ-
ence test outlined in Appendix 1. In most cases, thin arenites 'showed 
no significant asymmetry, but thick calcarenites of section Yl showed 
a negative valueof "D" when the thin sandstone.component of the 
sequence was ignored. This suggests a tendency for beds to occur in 
thinning-upwards cycles (Figure 4-15). The possible significance of 
these cycles is discussed. below. 
e) Lateral facies changes 
Except for thick calcirudite layers, individual beds cannot 
usually be 'traced more than a few meters laterally from well-exposed 
sections. 'Nevertheless "packets" of thick calcarenites and calcirudites 
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are mappable units within single tectonic slices (Figure 4-18). Figure 
4-17 shows lateral changes traced within a packet. Deeply cut erosional 
scours occur at the base of some thick beds, and there are changes in 
the proportions of facies. In the lower part of the Sofular Formation 
in the type area (Chapter 2) thick bodies of fades R calcirudite occur 
instead of "packets". These bodies also show important lateral changes 
pinching out over distances of 50 to 500 m along strike. 
These relationships strongly suggest that major rudite-depositing 
flows were channelized, although the precise three-dimensional shape of 
the scours and lenticular rudite bodies cannot be determined from their 
present-day outcrop. 
Regional variations 
Long range facies changes may be identified by correlating 
between thrust slices or sheets. Figure 4-22 shows typical vertical 
stratigraphicsequences for the Yilanli and Sofular Formations. No 
regular pattern is seen in the Sofular Formation, in which short-range 
interdigitation is often seen between fades or betweenarenites and 
finegrained fad. Yilanli Formation sequences show a northeastward 
increase in the number and thickness of redeposited limestone packets 
both in thrust sheet 5 (central area) and in sheet C (northeast area). 
These units both probably lay adjacent to the southern margins'of plat-
form areas represented by the caykoy Unit and the Anamas Dag see 
Figures 3-13 and 4-29), from which the carbonate debris was derived. 
Only rare calcarenites are seen in sheet 4 and the "imbricated complex" 
(Chapter 3), representing environment further from shallow-water carbo-
nate sources. The Yilanli Formation of thrust sheet 2 (southern and 
central mapped areas) contains a high proportion of thick redeposited 
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limestone beds, and probably represents the margin of the Dulup Lime-
stone platform of thrust sheet 1. 
Correlation.of laterally equivalent sections is not possible in 
the Göynuk Formation, although a distinct trend is seen from predomi-
nant matrix-supported rudites in the south (thrust sheet 2) to mud-
stones and impure calcarenites in the northeast. 
g) Discussion: environments of deposition 
Sofular Formation: In contrast with many resedimented clastic 
sequences (e.g. those described by Mutti, 1974; Ricci Lucchi, 1975), 
the arenites and rudites of the Sofular Formation show few regular 
short-term patterns in vertical sequences. Only one investigated 
section shows an apparent Markov property (section b above) in facies . 
sequence, and this is almost certainly an artefact of the subdivision 
into facies; if expected transition probabilities could be calculated 
using individual depositional events instead of facies intervals, 
transitions to and from thin arenite facies would no longer appear 
over-represented. 
Thinning-upwards asymmetric cycles are interpreted in deep-sea 
fan models (Walker and Mutti, 1973) as products of the progressive 
abandonment of channels. The asymmetry detected in the Sofular Forma- 
tion (section Yl; Figure 4-15) cannot have this origin, since it affects 
only calcarenites in .the sequence, and not the inter-bedded thin sand-
stones. Thinning-upwards depositional cycles could occur as the source, 
transport, or depositional system adjusted to any sudden change in 
geometry or environment. Possible causes include retrogressive flow . 	- 
- sliding (Pickering, 1979), and bedform migration. in the source area 
(Figure .4-21). 
The bimodal composition and bed-thickness distribution seen in 
the same measured section indicate that flows cane from at least two 
separate sources. Mixed composition beds were produced by reworking 
of terrigenous material in.carbonate.flows, and vice versa. It seems 
unlikely that a well organized submarine fan would have developed under 
these conditions. Events in the,source areas, rather than the evolu-
tion of the redepositional system, were probably the main factors con-
trolling the vertical, succession of fades. 
Rapid lateral fades changes, slumps, and other indicators of 
deposition on slopes (section 4-2b) suggest that the Sofular Formtion 
arenites and rudites were deposited in a tectonically active environment. 
Yilanli Formation: Redeposited limestones of the Yilanli Formation 
and its lateral equivalents (Jurassic to Cretaceous) are analogous to 
those described from the Mesozoic of Greece (Price, 1977; Johns, 1978) 
and elsewhere in the Tethyan realm (Scholle, 1971; Sagri, 1979; Cossey 
and Erlich, 1979; Graham,'1980). They are equivalent to the allodapic 
limestones of Meischner (1964). Similar limestones, deposited in deep-
water'environinents adjacent to carbonate shelves, are recorded from the 
Mesozoic margins of the Atlantic by Beall and Fischer (1969) and 
Schlager (1980). Recent examples from the Bahamas region are described 
by Mullins and Van .Buren (1979), Mulliris and'Neumann,(1979), and 
Schiager 'and Chermak (1979). 
In the Yilanla Formation, redeposited limestones occur in packets 
within radiolarite sequences. Although they show channelization of some 
flows, the packets do now show the overall progradational sequence or 
the short-period ,cyclicities predicted by classical submarine fan models 
(e.g. Walker and Mutti, 1973; Walker, 1978). Sediment gravity flows may' 
have been initiated at many points on the platform' edge, as on some 
present-day- carbonate margins (Schla'ger and Chermak, 1979),' rather 
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from the single source necessary for the development of a fan-'like 
geometry. Furthermore, ashllow water source such asacarbonate platform 
would be particularly sensitive to small tectonic or sea-level movements, 
leading to the sporadic deposition of redeposited limestone "packets" 
in adjacent deep-water environments. 
Tectonic reconstruction (Chapter 3) indicates that the Kocakent 
Tepe Formation and Gavurcali Tepe Limestone were deposited closer to 
the platform edge than the Yilanli Formation. The Gavurcali Tepe Lime-
stone is dominated by thick rudite beds with erosive bases and is much 
thicker than the equivalent part of the Yilanli Formation. The rudites 
probably represent the proximal parts of Yilanli Formation flows. The 
Kocakent Tepe Formation, in contrast, contains few coarse sediments, 
though the interbedded pelagic limestones are identical to those of the 
Gavurçali Tepe Limestone. It occurs in a thin stratigraphic sequence 
(Figure 2-2) possibly deposited On a structural high near the platform 
edge, and by-passed by. the majority of sediment gravity flows. . Analo-
gous by-passing of the upper slope region by coarse bank-derived turbi-
dites is recorded on the margins of the present-day Bahama Banks by 
Mullins and Neumann (1979). 
Facies trends in the Gyntik Formation suggest a southern source 
(Figure 4-33) but. -Mist be treated with caution as the Formationis 
probably diachronous (Chapter 2). The:G6yn5k Formation is.too poàrly 
exposed todetermine thegeometryofthe depositional system. The 
Formation was probably deposited in a tectonically active environment 
during deformation of the Complex (Figure 4-33). 
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4-5 Petrology: Sofular Formation 
a). Introduction 
Preceeding parts of this chapter have dealt with field aspects 
of five formations together because of their similarity in sedimentary 
structure and other field characteristics. In composition there are 
major differences between formations; remaining sections therefore deal 
with three groups: 
This section: Sofular Formation 	- U. Triassic-L. Jurassic 
Section 4-6: 	Yilanli Formation L. Jurassic- 
Koçakent Tepe Formation - U. Cretaceous 
Gavurçali Tepe Limestone 
Section 4-7: 	Goynük Formation 	- U. Cretaceous 
b) Grain components 
The math terrigenous components of Sofular Formation arenites 
are listed in table 4-23. Appendix 5 gives modal analyses. Quartz is 
the commonest terrigenous component in all the specimens examined, 
though a variety of quartz types is seen. - In some samples, quartz 
grains coated with a thin layer of micritic calcite occur (Figure 4-25c). 
Carbonate grain types are also listed in Table 4-23. Many 
skeletons and fragments, particularly echinoderm ossicles, show bored 
and micritized surfaces. Micrite coatings are also common. Skeletons 
of known or probable original aragonitic composition (e.g. most gastro-
pods) have usually been dissolved leaving only a micrite envelope; in 
many cases the envelope was fractured during subsequent compaction 
(Figure 4-24a). Less commonly, neomorphic replacement of presumed 
skeletal aragonite by non-ferroan calcite is seen. Traces of the 
original microstructure are then preserved within the neomorphic spar. 
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Non-skeletal carbonate grains are difficult to classify. Ooids 
are the most obvious category. They may be nucleated on skeletal 
grains, on pelletoids, or on terrigenous grains. Pelletoid-like grains. 
containing small patches of spar or microspar represent highly micri-
tized skeletal grains, poorly organized algal skeletons, or fragments 
- 	of fenestral limestone. Corals, sponges, spongiomorph hydrozoa, algae, 
and bryozoa may be encrusted by layered micrite, resembling the proble-
matic alga Tubiphytes, common in Tethyan Triassic carbonates (Glennie 
et al., 1974; Wilson, 1975). Table 4-22 lists other types of carbonate 
fragment occasionally seen. Some are lithoclasts of pre-existing lime-
stones; usually such clasts can be distinguished by their angular shape 
and fracture through internal structure and cement. 
Wood fragments up to 10 cm long are common in parts of the Sofular 
Formation, giving rise to the informal stratigraphic name "gres 
plantes" (Chapter 2; Brunn et al., 1971).. They are carbonized and 
flattened, appearing reddish brown to almost opaque in thin section. 
Siliceous tubular fossils occur at several localities (Figure 
4-10b, c). The most common type appears identical to Torlessia mackayi 
Bather, described from the Triassic of NewZeLand (Bather, 1905); type 
material in British Museum (Natural History). The fossils are probably 
Annelids. 
c) Matrix, cement and replacement components 
Fine grained micaceous material occurs between grains in some . 
sandstones, but in most arenites fine matrix material is mainly micritic 
calcite, sometimes showing neomorphism to fine microspar. Coarser neo-
morphic spar occurs as a fringe around ooids (Figure .4-24b). 
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Cement is blocky calcite spar showing complex compositional 
-layering when stained (Figure 4-24c). Echinoderm fragments have large 
-. --syntaxial overgrowths of non-ferroan calcite, contemporary with-the 
earliest layers of drusy cement. Cavities within intraclasts and 
micrite envelopes show similar "cement stratigraphy". An early stage 
of isopachous cement coats some ooids and internalsurfaces of some 
intraclasts (Figure-4-24d). 
Cement and matrix may both contribute to the filling of inter-
granular spaces. Geopetal structure is seen in large spaces. 
In some arenites, terrigenous grains are partially replaced by 
- fine calcite-spar. Feldspar and rock fragments are patchily replaced, 
whereas quartz is invaded from the outside by stubby calcite crystals 
(Figure 4-25c). Later authigenic overgrowths occur on quartz and feld-
spar, replacing calcite (Figure 4-25b, d). However, some quartz over-
growths are derived from a previous sedimentary cycle (Figure'4-25c). 
Dolomite partially replaces carbonate clasts and matrix in some 
arenites and rudites. Detrital dolomite usually shows secondary syn-
taxial overgrowth. Small (1-2 mm) grains-of secondary pyrite are found 
in some calcarenites. 
Late diagenetic ferroan calcite veins and bedding-parallel stylo-
lites are common, cutting grains, matrix, and cement. Concentration of 
terrigenous.grains on stylolites suggests several centimetres of carbo-
'nate-solution -in some cases. 
d) Composition 	 - 
Appendix '5 iists'mbdal compositions"of Sófular Formation arenites. 
Carbonate content rangesbetween 0 and 100%. The assemblage of carbonate 
grains- shows variation from sample to sample, but the variatio is at 
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least in part grain-size-controlled. Limestones low in the Formation 
are darker than those at the top, suggesting greater content of organic 
material. 
Terrigenous components are plotted on a modified Folk (1974) QRF 
triangle in Figure 4-26. The triangle shows two clusters of phyllare- 
nite and arkosic composition. Arkoses become commoner in the lower 
part of the Formation. 
Texture 
The sediments are mainly grain-supported, but contain variable 
amounts of matrix (see above). Terrigenous grains are mainly angular; 
quartz grains often have very low sphericity (aspect ratios of 3:1 or 
more). Sorting is moderate. The terrigenous component is submature 
(classification of Folk, 1968). Grain shape in the carbonate component 
is deteined by grain type, though occasional angular fractured ooids 
and pelletoids are seen. Calcirudites low in the Formation have a 
bimodal texture of well rounded large ( 2 mm) carbonate grains in a 
"matrix" of calcite-cemented terrigenous sandstone. 
Suturing of grains is mainly confined to quartz/carbonate con-
tacts, and involves preferential solution or displacement of carbonate. 
- 	
Strong pressure solution occurs between terrigenous grains in some 
sandstons, and also in calcarenites high in the formation, transitional 
to the overlying Yilanli Formation. 
Discussion: source areas 
At least five different types of source are represented by the 
components of Sofular Formation arenites and rudites: 
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Shallow-water carbonate source: ooids, pelletoids, 
skeletal fragments, intraclasts, micrite, etc. 
Metamorphic source: metamorphic rock fragments, ply-
quartz, some quartz, mica, chlorite, 
Plutonic source: plutonic rock fragments, feldspars, 
some quartz. 
Sedimentary source: carbonate lithoclasts, dolomite, 
chert, some quartz. 
Volcanic source: volcanic shards and fragments,-some 
feldspar? 
Carbonate and volcanic clasts are of probable penecontemporaneous 
origin and represent distinct areas. The clustering of terrigenous 
compositions (Figure 4-26) .suggests that the plutonic and metamorphic 
groups represent separated sources also. Nonetheless, all terrigenous 
types are now mixed with carbonate grains. Mixing occurred in two 
ways: 
1) 	Mixing in shallow water, as indicated by deposition of 
micrite and ooidal coats on terrigenous grains. 
ii) Mixing by erosion of previously.deposited beds within 
the Sofular Formation, as indicated by field relationships. 
The relative importance of these two processes is impossible to assess. 
Figure 4-27 shows inferred transport pathways for the various compo-
nents. 
The Carbonate source area (or areas) must.-include a variety of 
palaeoenvironments. If present-day distributions are taken as repre-
sentative, then dasyclad algae and algal laminated limestone indicate 
very shallow marine or intertidal - conditions (Johnson, 1961). Ooids 
-..are formed only in shallow high-energy environments (Ginsburg and James, 
1974), while molluscs, echinoderms, bryozoa, and foraminifera have a 
wide depth distribution. Most arenjtes include grains from several 
environments. Varied Late Triassic shallow water carbonates are wide-
spread in the -Taurus Autochthon to the. east and south of the area 
studied (Dumont, 1976a; Nonod, 19J7a). These represent the most likely 
source areas for the carbonate material. The Kovada Dolomite and
Akpinar Tepe Limestone represent possible Triassic shallow water sources 
within the Antalya Complex.. 
Possible sources for the metamorphic component are.seen in the 
Mende-res and Alanya-massifs (Figure 1-2). The metamorphism of the 
Palaeozoic basement in nearby 'parts of the Taurus Autochthon (Brunn et 
al., 1971; Dumont, 1976a) is too low-grade to account for-most schist 
fragments in the Sofular Formation. However, more highly recrystallized 
-metamorphic rocks might conceivably be concealed beneath later rocks 
elsewhere in the Taurus Autochthon or -Antalya Complex. 	- 
The origin of the platonic component-is problematical. - No "high-
level":perthite granites are known to be exposed in S.W. Turkey, although 
metamorphosed -acidic extrusives ("porphyroids") are known in the.Autoch- - 
thon at Sañd-ikli, 85 km north of Isparta. The -rarer orthoclase and 
plagioclase grains might be derived from gneissose basement such as that 
-- exposed-in-the Alanya and Menderes -Massifs (Figure 1-2). 
Possible Palaeozoic-sources-for the sediments component are known 
in the Taurus Autochthon to the east and south of the area studied (Monod, 
19.77a;-Dumont, 1976a),. and, for carbonates, within- the-Antalya Complex 
(Permian limestones of Yuvali Group; see Chapter 2). 	- 	 - 
Volcanic fragments ae highly altered and give little indication 
of original -composition. Contemporary volcanic rocks occur within the 






j) Discussion: diagenetic history 
The arenjtes and rudites of the Sofular Formation were deposited 
in a loosely packed framework .o grains, with a variable amount of 
micrite matrix (matrix origin by infiltration is excluded by the 
differing compositions of 'arenite matrix and interbedded mudstones). 
Aragonite skeletal fragments were dissolved before deposition 
of any cement. Some of the resulting hollow micrite envelopes were 
fractured by minor compaction (Figure 4-24a). Non-ferroan calcite 
cement was initially precipitated preferentially as overgrowths on 
echinoderms; subsequently, ferroan and non-ferroan calcite cement filled 
remaining pore space before appreciable compaction could occur. The 
coarse, euhedral growth-form of the calcite crystals (revealed by 
staining; Figure 4-24c) suggests that cement was low-magnesium calcite. 
This. early diagenetic history closely resembles that typical of 
the fresh-water phreatic zone.(e.g. Land et 	1967; Longman, 1980). 
Only the isopachous early cement (Figure 4-24d) within some intraclasts 
resembles modern shallow-marine cements (James et al., 1976; James and 
Ginsburg, 1979; Schroeder, 1972). This presumably formed in shallow 
water before redeposition. However, fresh-water diagenesis of the 
Sofular Formation arenites seems unlikely since the Formation and the 
overlying sequence show no evidence of exposure before the late Cre-
taceous. 
Solution of aragonite followed by precipitation of (presumed low-
magnesium)-calcite cement is recorded in many appar.nt °ly deep-water, 
marine limestones in Jurassic and older rocks Jenkyns, 1974), and in 
recent limestones from the deep. Bahama margin (Schiager and James, 
1978). Aragonite solution is predicted in sea-water at depths greater 
than the aragonite lysocline, while low-Mg calcite precipitation may 
apparently occur in sea water if the temperature is sufficiently low, 
mimicking meteoric-water diagenesis (Schiager and James, 1978). Al-
ternatively, if the interstitial water system became isolated from sea 
water, post-depositional solution of relatively unstable aragonite 
within the sediment would supply calcium but not magnesium ions, leading 
to low-Mg calcite cementation, although a large volume of original 
aragonite would be necessary to supply observed quantities of cement. 
Thus, the early diagenetic history of the Sofular Formation is 
not inconsistent with the deep-marine diagenetic environment predicted 
by regional and stratigraphic arguments. 
Late diagenetic events include solution of quartz and feldspar, 
subsequent precipitation of the same minerals as overgrowths (Figure 
4-25), stylolite formation, veining, and dolomite replacement. 
Reducing conditions prevailed throughout the diagenetic history, 
allowing precipitation of ferroan calcite and preservation of wood 
fragments. Pyrite was precipitated locally. 
Stylolitisatio-n and veining are also late events, post-dating 
all cementation. Vein formation both preceded and followed styloliti- 
zation. 
4-6 :Petrology: Yilanli Formation, Kocakent Tepe Formati 
a) Introduction 
The formations described in this section are in part lateral 
equivalents, representing the L. Jurassic to U. Cretaceous interval. 
The threeformations are distinguished by the abundance and nature of 




three formations are almost pure carbonates, and are petrographically 
indistinguishable. 
b) Grain components 
Table 4-30 lists recorded components of arenites in the three 
formations; Appendix 5 lists modal analyses. The principal skeletal 
types are echinoderms and molluscs. Colonial organisms (sponges, 
bryozoa, corals) and algae are relatively rare. 
As in the Sofular Formation, echinoderm fragments and molluscs 
are sometimes bored and superficially micritized. Hollow micrite en-
velopes representing dissolved aragonite skeletons are seei only in 
well cemented partsof the Yilanli Formation. Elsewhere they have 
presumably been, crushed during compaction. 
Ooids and true (structureless) pelletoids are relatively uncommon, 
but other non-skeletal carbonate grains make up 40-60% of many calcare-
nites and calcirudites. Most are predominantly micrite, but contain 
patches of microspar representing original cavities. Many of the grains 
resemble fenestral limestones formed by sediment-trapping algae (Fischer, 
1964), though some may be pellets or micritized skeletal fragments. 
Large clasts in some calcirudites are complex boundstones (Figure 4-27a) 
containing sponges or rudists coated by algal micrite and encrusting 
forams. It is often uncertain whether a particular clast was lithified 
when incorporated in the sediment. 
Scattered terrigenous grains (less than 1% by volume) occur in 
some calcarenites. Intraclasts of radiolarian chert are abundant in 
some Yilanli Formation calcarenites and calcirudites. Phosphatic 
grains of unknown origin occur rarely. 
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c) Matrix, cement and replacement components 
Isopachous non-ferroan calcite cements are seen in a number of 
calcarenites and calcjrudi,tes. They show fibrous or radiaxial fabric 
and.are confined to single carbonate grains. 
Intergranular calcite cement is also non-ferroan but cathodolu-
minescence (Sippel and Clover, 1965) shows fine layering (Figure 4-31b). 
It forms syntaxial overgrowths on echinoderms and on the grains of 
mollusc shells. Early stages of syntaxial cement growth show pyramidal 
shape (probably scalenohedra). Pyramids may coalesce during later 
stages of growth (Figure 4-31b). Drusy non-syntaxial cement is also 
sometimes present. 
The occurrence of cement shows that most calcarenites and'cal-
cirudites contained much original pore space. Nevertheless, some well-
cemented specimens contain patches of micrite and calcite silt matrix. 
(in strongly compacted samples original matrix patches cannot usually 
be distinguished from intraclasts). Fine calcarenites sometimes contain 
a larger proportion of matrix. 
As in the Sofular Formation, stylolites and ferroan calcite veins 
are common. Extensive replacement by small dolomite rhombs is seen in 
some samples, particularly those from the Yilanli Formation of thrust 
sheet 5. 
Replacement chert is common in Yilanli Formation calcarenites and 
calcirudites. Chert is usually grey and translucent in hand specimen. 
In fine calcarenites, it is usually diffusely distributed in laminae; 
whereas in medium calcarenites it forms sharply bounded nodules and 
bands (Figure 4-31c). Some thin beds are completely replaced. These 
are difficult to distinguish from primary siliceous sediment (Chapter 
5). Chert in coarse calcarenites and calcirudites often replace mdi- 
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vidual grains, usually mollusc and echinoderm fragments. In thin 
section, chert is seen to consist mainly of fine interlocking quartz 
grains and radiating chalcedony but coarser drusy quartzis sometimes 
seen. Although replacement most frequently occurs In skeletal grains, 
boundaries of replaced patches often cut across original, grain boun-
daries. When mollusc skeletons are replaced, the original calcite 
fabric is often preserved in silica. 
Composition 
Considerable variations in component proportions are seen between 
samples. In part these are grain-size controlled. Figure 4-28 shows 
only medium to coarse calcarenite compositions. In general, calcare-
nites from thrust sheets 5, A, B, and C show a common range of 'composi-
tions and are not' therefore distinguishable. The Yilanli Formation of 
sheet.2 shows a significantly higher proportion of ooids, pelletoids, 
and pelletoid-like intraclasts which are often well sorted. Slab cal-
cirudites (Figure-4-8a) composed, of radiolarian inicritic limestones are 
also confined to sheet 2. 
The' proportion of mollusc fragments generally increases upwards 
mall sequences. Rudist fragments and orbitolines are common in the 
Cretaceous. Upper Cretaceous calcarenites often contain planktonic 
foraminifera also. Precise documentation of temporal variation in corn-
position is hindered by the long calcarenite-free intervals in most 
sequences and scarcity of well dated horizons. 
Texture 
Most calcarenites and calcirudtes are grain-supported: and 
moderately topoorly sorted, although calcarenitesof thrust sheet 2 
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are often well sorted. Grading, when present, is distribution grading. 
Roundness and sphericity are highly variable, depending on grain type. 
Parallel orientation of clasts is sometimes seen. 
Two styles of cementation and compaction are seen. The first 
type (unsutured).resembles that seen in the Sofular Formation, and is 
confined toYilanli Formation. calcarenites of thrust sheet 2. Large 
syntaxial overgrowths occur. on echinoderm plates, but the majority of 
intergranular space is filled by blocky calcite cements. There is 
little or no suturing. Cement comprises up to 35% by volume of the 
rock. The second type (sutured) is seen in the vast majority of cal-
carenites and calcirudites'(Figure 4-31d). Usually only 10720% of the 
rock..is intergranular cement, mainly syntaxial on echinoderms and 
molluscs. Sutured contacts between cements and between cement and 
grains are common. Cement scalenohedra are sometimes embedded in intrà-
clasts (Figure 4-31d), showing that compaction occurred before pore 
space was completely filled. The original loosely packed fabric is seen 
where echinoderm overgrowths have .surrounded other grains before compac-
tion. 
f) Discussion: sources 
The.vast majority of grains in. the calcarenites and calcirudites 
clearly formed in shallow-water environments of carbonate deposition, 
although they are now incorporated in radiolarite or pelagic limestone 
sequences. Rare dasyclad algae and ooids indicate a source area 
shallower than 5  (Ginsburg and James, 1974; Johnson, 1961), on the 
basis of present-day distributions. Abundant micritic (pellet-like) 
intraclasts and echinoderm fragments suggest low-energy platform or 
lagoonal environments, of normal salinity. High-energy environments 
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(indicated by oncolites and ooids). contribute only a small proportion 
of the sediment. Rudist fragments become common in the Cretaceous, 
and are sometimes incorporated in b.oundstone, suggesting that bioherms 
were constructed in the source area during this period. Benthonic 
foraminifera (orbitolines) indicative of open shelf environments .are 
also present in the Cretaceous. 
Nicritic limestone fragments containing Radiolaria and thin-
shelled bivalves probably represent a deeper source area than other 
carbonate debris, but some may be eroded from the Sofular Formation. 
Potential shallow-water source areas for.:the carbonte components 
are widely distributed within and adjacent,to the Antalya Complex. 
Their fades are described in Chapter 6. 
The calcarenites of thrust sheet 2 are dominated by pelletoids 
and pelletoid-like intraclasts, and correspond well with the composition 
of contemporary Dulup Liestone in the overlying textonic unit (thrust 
sheet 1), confirming the close relationship deduced from stratigraphic 
and tectonic data (Chapters 2 and 3; Figure 3-26, 4-29). 
Redeposited limestones of thrust sheet 5 and of the northeastern 
mapped area (thrust sheets A, B, and C) show few systematic spatial 
variations, and cannot be assigned to a particular platform-source on 
petrographic grounds (Figure 4-28). The tectonic reconstruction of the 
Complex (Chapter 3).and the progressive.southward pinching out of lime-
stones within sheet .5 (Figure 4-22) suggest derivation from the çaykoy 
Unit platform. Similar relationships in sheets A, B, and C indicate 
probable derivation from'the.Anamas DaA platfqnm to the northeast of the 
Complex (Figure 4-28). Both these units of Jurassic to Cretaceous plat-
form limestone, as well as the Karacahisarmassif to the south (Dumont, 
1976a), contain a wide variety of platform fades, and could have been 
the source areas for redeposited limestones. 
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g) Discussion: diagenetic history 
Two diagenetic styles, termed unsutured and sutured, are dis-
tinguished in Yilanli Formation calcarenites (section 4-6e above). 
Unsutured calcarenites resemble those of the Sofular Formation (section 
4-5f above). They were probably cemented in a relatively deep marine 
environment, though a fresh-water diagenetic environment is conceivable. 
In the sutured, cement-poor calcarenites and calcirudites, either 
compaction occurred earlier (before voids were completely filled by 
spar) or cement precipitation was slower. Since overburden was depo-
sited if anything more slowly in the Yilanli Formation than in the 
Sofular Formation, earlier compaction seems unlikely. Redeposited cal-
carenites from the deep Atlantic continental margin (Beall and Fischer, 
1969) show slow or limited cementation, principally as overgrowths on 
echi.noderms, resembling those seen in. the Yilanli Formation. 
Yilanli Formation calcarenites interbedded with radiolarites 
always show the sutured fabric. In contrast, the cement-rich, unsutured 
calcarenites of thrust sheet 2 are interbedded with impure calcilutite. 
The degree of cementation was thus probably controlled by the amount of 
carbonate available from fine-grained interbeds. When these were radio-
larite, the only source of carbonate was (relatively soluble) aragonite 
fossil debris within the calcarenites themselves, although pressure-solu-
tion of calcite and Ng-calcite may have contributed during later dia-
genesis, as proposed by Schlager (1980). 
Some Cretaceous calcarenites of the Kocakent Tepe Formation and 
Gavurcali Tepe Limestone are exceptional in showing sutured fabric even 
though they are interbedded with pelagic limestones. However, these 
interbedded limestones were mainly composed of calcitic coccolith and 
foraminiferal debris (Chapter 5) whereas the Jurassic fine limestones of 
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sheet 2 were probably largely platform-derived, and may therefore have 
contained a high proportion of relatively soluble argonite. Thus, 
cement precipitation in the coarse redeposited limestones appears to 
have been dependent on the dissolution of aragonite in interbedded fine 
sediments. Because aragonite contains virtually no magnesium (Lipman,. 
1973), the calcite cements formed were coarse euhedral low-magnesium 
calcite spar, contrasting with micritic, fibrous and bladed Mg-calcite 
and aragonite cements, typical of modern submarine diagenesis, e.g. Ball, 
1967; Schroeder, 1972; Land and Goreau, 1970; James etal., 1976; James 
and Ginsburg, 1979). 
Luminescence properties of cements precipitated in various dia-
genetic environments are considered by Meyers (1974), who concludes on 
the basis of partition coefficient data that cements precipitated from 
seawater should contain insufficient..manganese to cause luminescence. 
'Dissolved manganese rises rapidly in most ocean sediment pore waters, 
'however (Manheim, 1976). 'The early non-luminescent layers of cement 
seen in the redeposited limestones were therefore probably precipitated 
from trapped sea water (modified by dissolution of aragonite); subse-
quent luminescent layers record a rapid increase in manganese concen-
tration. 
:Chert replacement clearly post-dates most compaction. There is 
no evidence-that chalcedony is a void-filling cement in these sediments, 
but rare drusy quartz probably filled remaining cavities. The distri-
bütion of chert is clearly controlled by porosity and permeability of 
the limestones, and by preferential replacement of certain grain types. 
Replacement must have been by sub-microscopic solution and-precipita-
tion, to preserve original skeletal fabrrics. The ultimate source of 
silica is presumed to.-have been the interbeddedradiolarites,, implying 
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transport of several metres in some cases. Other polymorphs of silica 
are not observed. Chert nodules do not have !' rinds of white isotropic 
disordered cristobalite recorded in nodular cherts elsewhere (e.g. 
Robertson, 1977) though. cristobalite may have been present at an earlier 
stage in the diagenetic history. 
Where dolomite replacement is seen, it probably pre-dates chert. 
Dolomite rhombs are sometimes isolated within chert-replaced areas. 
Most ferroan calcite veins cut chert nodules, and are therefore later 
features. 
4-7 Petrology: Göynllk Formation 
Introduction 
The varied Late Cretaceous sediments of . the G5ynuk Formation are 
characterised by the presence of ophiolite-derived clastic material. 
Systematic study is hindered by its deformed •state (much of the Formation 
is incorporated in melange) and the coarse-grained unconsolidated nature 
of many arenites and rudites. 
Grain components 
Table 4-30 lists recorded grain components. Most carbonate 
grains resemble those of the Yilanli Formation, but previously lithified 
limestone fragments are more variable and abundant. Quartz and feldspar 
when present show the same types as the Sofular Formation. Volcanic 
rock fragments are often fresh and angular, however. Mafic and ultra-
inaficplutonic rock. fragments generally contain fresh clinopyroxene. 
Olivine and usually orthopyroxene are replaced. by mesh-textured serpen-
tinite, though some pyroxenite and peridotite .pebblesare perfectly 
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fresh (Figure 4-34b). Most show cumulate textures, and some are 
clearly layered. Juteau (1975) describes seven, types of pyroxenite 
and gabbro from outcrops north of the DulupDai. Metamorphic fragments 
include the same types as the Sof.ular Formation, with the addition of 
foliated amphibolite. Chert.grains. are usually red and often contain 
well-preserved Radiolaria (Figure 4-34a). 
Cement and matrix components: texture 
Fine.grained matrix is present in most specimens in varying 
amounts. Conglomerates from thrust sheet. 2 tare matrix-supported, with 
up to 50% of material finer than .06 mm. When resolvable microscopically, 
matrix grains show similar composition to coarser detritus, but with 
more clay-rich and serpentine-rich components. Matrix is mainly silt 
sized to micritic carbonate in calcarenites. 
Some calcarenites contain little matrix, however, and show syn-
taxial cement on echinoderm and mollusc grains. Grains and cement are 
usually highly sutured, as in the Yiianli Formation. Prismatic calcite 
cement may occur in strain.shadows of crescentic cross section in 
fdeformedarenites. 'Fibrous 'serpentine fills veins in serpentine-rich 
rudites; carbonate in these rocks occurs mainly as a replacement of 
clinopyroxene and other mafic components. 
Composition 
.GöynUkFormation arenites and rudites show, widely varying compo-
sitions (typical modal analyses are recorded in Appendix 5). Table 
4-32 :-gives a breakdown of recorded 'components by region. The non-car- , 
bonate components shows a trend from igneous-dominated immature: compo-
sitions' in thrust sheet 2 to chert-arenite and quartzose compositions 
in the northeastern mappedarea (thrust sheets B and C). The 
carbonate component also increases in this direction; . sediments in 
the northeastern area are mostly calcarenites and impure calcarenites. 
e) Discussion 
The coarse sediments of the Coynuk Formation are probably derived 
entirely from within the Antalya Complex during its progressive defor-
mation in latest Cretaceous times, as summarized in .Figure 4-33. The 
rudites of thrust sheet 2 record an early stage of deformation when 
only ophiolite-andsheet.l limestones were shedding debris. Igneous 
material is remarkably fresh, indicating rapid, - probably submarine, 
erosion and transport. . Central area outcrops in sheets 4,. 5, and. the 
çayk6y Unit are. texturally and compositionally more mature (less matrix, 
rarity of ferromagnesian mineral clasts) and show additional componerts 
such as radiolarian limestones and cherts derived from deformed parts 
of the Yilanli and SofUlar Formations. Platform sedimentation probably 
continued in adjacent areas, however, contributing carbonate debris to
the arenites. Arenites in the northeastern area are fewer, finer, and 
more. calcareous. . They contain additional components (quartz, feldspar, 
plutonic and metamorphic rock fragments)probably derived by erosion 
of Sofular Formation sandstones. 
Coarse sediments of the Göynuk Formation are probably diachronous. 
The facies and composition-al trends' represent temporal changes related 
to uplift of deformed parts of the Complex, rather than a simple proxi-
mality relationship. 	 - 
Arenites with little matrix show similar diagenetic.. history to 
the Yilanli Formation. Partial cementation was followed by compaction 
and suturing. Calcareous arenites were subsequently strained by stylo-
litization and calciteprecipitation in strain shadows (Figure 4-27f). 
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Strain in mafic arenites and rudites occurred by shearing of serpen-
tine-rich matrix. 
1-8 Conclusion 
Three phases of sedimentation are seen in the redeposited sedi-
ments of the Antalya Complex in the area studied. 
The Triassic to earliest Jurassic Sofular Formation contains 
multicomponent arenites from a variety of sources. The most important 
are distant plutonic and metamorphic basement rocks and local sources 
of shallow-water carbonate debris. Fades changes and slumping of 
softsediment suggest a tectonically active environmnt. 
Only the carbonate sources persist into the second phase. Packets 
of redeposited limestone beds record episodic redeposition of material s 
- 	derived from several carbonate platforms, into deep-water pelagic 
environments. This phase persisted from early Jurassic to late Creta-
ceous time, and.is represented in the Yilanli Formation, :the Kocakent 
Tepe Formation, and the Gavurçali Tepe Limestone. 
The third, late Cretaceous, phase is marked by a return of 
silicate detritus. Sediments of the Göynük Formation recorrd the pro-
gressive uplift, first of ophiolitic igneous rocks, and then of Antalya 
Complex sediments. 
Many carbonate beds in phases one and two are channelized, but none 
of the sequences shows characteristics of deposition, on a classical sub-
marine fan. Source area and tectonic controls were most important in 
determining the vertical and lateral fades sequence. 
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CHAPTER 5 FINE-GRAINED SEDIMENTS 
5-1 Fine-grained sediments: introduction 
Fine-grained sediments(grain size less than .06 mm) occur inter-
bedded with all the redeposited coarser sediments described in Chapter 
4. They have a wide range of compositions, from siliceous radiolarian 
cherts to almost pure limestones. Most contain predominantly plank-
tonic microfaunas - Radiolaria and Foraminifer;' - and maybe character-
ized as pelagic or hemipelagic sediments, according to the amount of 
admixed terrigenous or platform-derived material. 
Fine-grained sediments in the Sofular Formation (Triassic-L. 
Jurassic) are mainly limestones and friable mudstones (Figure . 2-2, 2-4). 
These are described in section 5-2,.below. Jurassic to Cretaceous. 
pelagic sediments of the Yilanli Formation, Ziridan Formation, and Gavur-
çali. Tepe Limestone are dominated by bedded radiolarian cherts and mud-
stones, described in section 5-3. Comparable sediments of the Havütlu 
Lava Formation are described in section 5-4. Pink pelagic limestones 
occur instead of bedded chert as the dominant pelagic sediment in the 
Upper Cretaceous of thrust sheets A and B (Kocakent Tepe Formation and 
upper part of.Gavurçali Tepe Limestone; section 5-5). Section 5-6 deals 
with mudstones, limestones and cherts interbedded with ophiolite-
derived sediments in the GôynUk Formation. 	 . 
Pelagic sediments also occur at the top of platform sequences in 
the çaykoy Unit and in the Eridir and Karacahisar regions (Figure 1-2) 
outside the mapped area. These are more logically discussed in connec-
tion. with the platform facies, in Chapter 6.. 
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5-2 Sofular Formation 
a) Mudstones 
Mudstones occur in almost all Sofular Formation facies, either 
alone or interbedded with redeposited coarse sediments (Chapter 4) or 
fine limestones (section c, below). Most mudstones are grey, weather-
ing yellow-brown,but intervals of red mudstone occur interbedded with 
thin sandstones and in association with pink fine limestones. The red 
colour is presumably due to oxidised iron. Red mudstones often contain 
greenish brown reduced laminae and reduction spots flattened parallel 
to bedding. The mudstones are friable and fissile, but compositional 
lamination is seen only locally. Coarser beds and thick laminae of 
silt, grade are often present, however. These show normal .grading and 
parallel or ripple lamination. They are probably fine-grained equiva-
lents of the sandstone turb.idites described in Chapter 4. Uniaminatèd 
mudstones often show mottling suggestive of.intense bio.turbation. 
- 
	
	 Some siltstones are cemented by ferruginous fine-grained carbo- 
nate (probably siderite), weathering to yellow limonite. Siderite may 
extend into adjacent finer mudstones, forming a. layer of concretions 
nucleated on a coarser bed. Isolated calcite and sideritic concretions 
are also seen in.gr.ey mudstones. 
Pink limestone concretions occur in sand-free red mudstone inter-
vals, often in layers (Figure 5-1a) and sometimes coalescing into con-
tinuous beds. 
Thin sections of coarser mudstones show abundant. quartz silt, 
detrital feldspar, mica,chiorite, fine clay, opaques; plant debris 
is sometimes visible. Some mudstoñes contain much fine carbonate. 
Flattened Radiolaria can sometimes be recognized in red mudstones. 
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There is usually a strong bedding-parallel orientation of clays and 
other components of low sphericity, except within concretions. Cal-
cite-replaced Radiolaria within pink concretionary limestones are not 
flattened. X-ray powder diffraction of whole-rock samples indicates 
abundant illite with variable amounts of smectite and kaolinite (Figure 
5-2). Peaks of quartz, feldspar, and carbonate are also seen. 
Appendix 5 gives major and trace element analyses of a typical 
grey-brown mudstone and a calcareous red mudstone. The compositions of 
the non-carbonate component are similar to published compositions for 
"average shale" (e.g. Clarke, 1924), though with higher amounts of 
silica related to the presence of quartz silt and radiolarian skeletons. 
b) Origin of the mudstones 
The mineral and chemical composition of the mudstones is en-
tirely consistent with derivation from multiple sources comparable with 
those of the interbedded sandstones (Chapter 4). Illite is widely pro-
duced by weathering of igenous and metamorphic rocks, while the smec-
tite component was probably derived by weathering of igneous rocks 
(Griffin .etal., 1968); The abundanceof kaolinite suggests tropical 
weathering in the source area (Biscaye, 1965). 
The relative, importance of waning-stage turbidity currents and 
steady-state suspension fallout in the depositibn of the mudstones is 
difficult toassess. Any.laminations.or current structures may have 
been obliterated by bioturbation. Widespread graded silt beds and 
lamin.ae indicate turbidite deposition for at least some of the mud, 
however. 	
•1 
Grey brown mudstones contain reduced iron and organic matter 
(plant fragments). Organic matter has probably maintained reducing 
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conditions since shortly after burial. Red mudstone intervals are 
oxidised. Their occurrence in relatively sandstone-free parts of the 
formation and the local abundance of Radiolaria suggest relatively slow 
deposition. Organic matter was probably removed by oxidation at or 	 - 
near the sediment surface. 
Carbonate concretions formed early, before appreciable compaction 
of the rnudstones, by precipitation of fine-grained carbonate within the 
sediment. Variations in composition or texture controlled the location 
of concretions,-some of which formed in beds already more calcareous 
than the surrounding mudstones. The growth of analogous early diagenetic 
concretions is describe,d in more detail byHallam (1976) and Raiswell 
(1971). 
c) Limestones 
Fine-grained limestones are found in most Sofular Formation 
sequences, their distribution showing a general southward increase 
(Figure 4-22). The increase in thickness is most obvious in the case 
of the important interval at the top of the formation, distinguished as 
the Akdoan Member. The Kiraziar Tepe Member is probably a thin partial 
.lateral equivalent of the Akdoan Member. Analogous late Triassic fine 
limestones occur throughout the Antalya Complex (Brunn et al., 1971), in 
Cyprus (Lapierre, 1975; Swarbrick, 1980), Greece (Aubouin et al., 1963) 
and the -Alps (Zankl,1971). 
The limestones are thinly (3-15 cm) bedded and sometimes nodular. 
.Interbeds of mudstone constitute up to 50% of some of the limestone 
intervals shown in Figures 2-2 and - 4-22 ,. The limestones vary from pale 
to grey to deep pink or red, sometimes showing irregular distribution 
of diffuse pink and grey areas. 1Alternatively, grey to pale pink nodules 
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• 	may be surrounded by red many limestone. The nodules may have diffuse 
or sharp boundaries. Local redeposition of rounded pink and grey f rag- 
ments occurs, producing spectacular variegated conglomerates (Figure 
5-id). Conglomeratic and nodular fabrics may be modified by intense 
• 	stylol'itization. Stylol-ites in flat-bedded limestone are usually 
bedding-parallel. Both nodular fabrics and reddening generally increase 
upwards in the Akdoan Member. 
Pink limestones of the Kiraziar Tépe Member are evenly bedded 
and laminated. Occasional beds are graded and show cross-lamination. 
Other pink limestones are generally unlaminated. Grey limestones, when 
well bedded, often show grading and localized lamination (Figure 5-1b). 
Thin graded beds of pelletoidal calcarenite occur in some sequences, 
Extensive bioturbation is often visible. Both pink and grey types con-
tain abundant Radiolaria (visible as specks in hand specimen) and thin-
shelled bivalves (usually broken). These are usually bedding-parallel 
and may show preferred concave-downwards orientation. Well preserved 
specimens may be seen on bedding surfaces (Figure 5-1c). They include 
large Halobia and smaller unidentified bivalves. Small ammnonitQ are 
rare. 
Nicrite, sometimes recrystallised to microspar, is the main com-
ponent inmost limestones, though bivalve fragments locally constitute 
more than 50% by volume of rock. Radioiaria are almost invariably 
preserved as spheres of coarser-grained calcite (Figure 573a), but 
chalcedonic silica fills are seen at the top of the Akdoan Member 
(transitional to YilanlI.Formation). Radioiaria often show geopetal 
infils (Figure 5-3a). Cement-filled cavities may also occur under bi-
valves (Figure 5-3h). 
Occasional terrigenous grains (mainly quartz) are present in 
most samples, together with a variable amount of clay. Red colouring 
is due to films-of haematite along, calcite grain boundaries. Rare par-
ticles of glauconite occur in some specimens. 
- Dolomite is concentrated in the red inter-nodule "matrix" of the 
most nodular limestones, and in lenses and thin laminae in other red 
limestones. Grey limestones may contain scattered dolomite rhombs. An 
interval of weakly bedded dolomite rock occurs in the Akdoan Member of 
thrust sheet 2 (Figure' 2-2). 
d) Origin of the micrite 	-' 
The origin of micrite is controversial even in present-day carbo-
nate sediments (Bathurst, 1971, summarizes recent research). The 
following are possible sources for the micritic component of the Sofular 
Formation limestones: 	 - 
Direct precipitation from sea water is known to occur in - - 
shallow-water areas of high productivity (Kinsman, 1964). 
The carbonate so formed is aragonite but would be trans-
formed to calcite during early diagenesis. Micritic arago-
niteand magnesian calcite are also formed as cement in 
fine grained marine carbonates of Barbados (Fischer and 	- 
Garrison, 1967), the Atlantic Ocean (Milliman, 1966), and 
elsewhere. 	 - 
"Calcareous nannofoss-i-ls. Coccoliths are a major contri-
butor to Cretaceous and Tertiary pelagic limestones, but 
calcareous nannoplañkton are unknown in pre-Jurassic sedi-
ments (Garrison and Fisher, 1969). No tracesof cocco-
liths are seen in the sediments under the scanning electron 
microscope (Figure 5-30. 
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Breakup of bivalves. Flalobia shells are important sediment 
contributors-in some limestones, but no evidence of boring, 
micritization, or other comminution processes is seen. The 
lack of .a 10 to 50 p size fraction in the limestones mdi-
cates that mechanical breakup of shells didnot produce 
significant amounts of micrite. 
Transport from contemporary carbonate platforms. Much fine 
carbonate is formed in present-day environments by algae, 
many of which disintegrate after death. The mud produced 
is mainly aragonite and is transported into basin environ-
ments in large quantities (James and Ginsburg, 1979). 
Triassic shallow-water limestones contain much micrite. 
\ 
Transport into the Sofular Formation could have been by 
turbidity currents, or bysuspension fallout of dispersed 
carbonate following storms. 
In the absence. of Triassic nannoplankton, contemporary platforms and 
:marine cementation are the most likely courses of micrite. Cementation 
is further-discussed below. The absence of a coarse fractiAll suggests 
that platform derivation was by suspension and settling rather than tur-
bidity currents. Intraformational reworking by bottom currents is in-
dicated by lamination and preferred concave-downwards orientation of 
shells Occasional platform-derived turbidites deposited fine pelle-
toidal calcarenites in some .sèquénces. 
e) Interpretation of nodular fabrics 
- 
 
Nodular-fabrics -are - widely developed in re-Cretaceous pelagic 
limestones Ce.g. Tucker, 1974.) and particularly in the Jurassic of the 
Tet-hyan realm (Jenkyns, 1974 -). Nodule-formation has been ascribed both 
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to sea-floor solution ("subsolution"; Hollmann, l962,. 1964). and to 
differential cementation (ilallam, 1967; Jenkyns, 19741. Any explana-
tion applied to the Sofular Formation limestones must take into account 
the following features: 
1) 	Nodules are poorer in iron oxide, clay, secondary dolomite, 
and sand grains than the inter-nodule inarly limestone. 
Nodules often contain abundant replaced but undeformed 
Radiolaria and bivalves showing weak preferred orientation. 
Inter-nodule sediment contains concentrated, broken, and 
strongly aligned bivalves,and often shows numerous stylo-
lites. 
Nodules may be redeposited with a matrix of inter-nodule 
sediment. Radiolaria on the edges of nodules are trun-
cated at the boundary and filled with unstylolitized, but 
otherwise typical, internodule sediment. Unreworked 
nodules, however, may show gradational boundaries with 
inter-nodule sediment. 
Nodules must have been harder than inter-nodule sediment to allow 
their erosion and redeposition. Lithification in the nodules must have 
occurred before appreciable compaction. Where nodules occur in layers, 
there is no indication that, the layers formed hardgrounds. Borings and 
encrustations are not observed and there is no difference between upper 
and lower surfaces of such layers. Differential cementation within the 
sediment is therefore a more likely explanation than sea-floor solution. 
Inter-nodule sediment remained uncemented longer than the nodules. It 
underwent considerable compaction, obliterating moulds pf Radjolaria. 
Stylolitization further emphasized the contrast in most samples. 
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Likely sources of carbonate for cementation include sea-water 
above the sediment surface, interstitial water, and the internodule 
sediment. The occurrence of 'ammonites - originally aragonite - indi-
cates deposition above the local "aragonite compensation depth" (the 
level below which aragonite is absent from sediments as a result of 
solution in the water column). If contemporary carbonate platforms 
were the major external source of micrite, much additional aragonite 
would probably have, been present in the- fine component of the original 
sediment (e.g. Matthews, 1966; Schlager and James, '1978). Ammonites 
are preserved as cement-filled moulds, showing that aragonite was dis-
solved within the sediment. Early solution of the relatively soluble 
aragonite component of the micrite would have raised the level of dis-
solved carbonate in the interstitial waters above saturation level, 
leading to the precipitation of calcite (or Mg-calcite) cement. Thus, 
if aragonite was a major component of the initial sediment, it is pro-
bably unneccessary to appeal to selective dissolution of ultra-fine 
calcite (Jenkyns, 1974) as an additional source of carbonate for sedi-
mentation. 
The observed concentration of secondary dolomite ininternodule 
sediment is difficult to explain. Jenkyns (1974), working on analogous 
limestones from Italy and Austria, suggests it is the result of the 
channeling of fluids through these regions, which remained more porous 
than the nodules 'for some time.  
f) Diagenesis of evenly beddedlimestone 
Limestones without nodular fabric mostly resemble the nodule, 
rather than the inter-nodule sediment, in texture and,coinposition. They 
contain undeformed replaced Radiolaria, and therefore probably underwent 
f 
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early cementation. Nevertheless, no hardgrounds are seen, indicting 
that burial was sufficiently rapid to prevent exposure of cemented 
limestone. 
Some mudstone interbeds may result from solution/cementation 
processes as in..:the nodular limestones. Mudstones make up too great'a 
proportion (10-50%) of most limestone sequences to be explained diage-
netically, however. Lack of visible grading in the mudstOnes.suggests 
that they are not turbidites; They probably therefore record-"back-
ground" sedimentation, representing intervals when no suspended plat-
form-derived material was available. 
g) Sofular Formation: overall pattern of sedimentation 
Mudstone and fine limestone intervals increase southwestwards 
in the central and southern mapped areas (thrust sheets 2-5), reflecting 
an original (before deformation) trend, and suggesting derivation of 
carbonate from the platform representedby Dulup Limestone of sheet 1 
(and possibly 3). Conglomeratic limestones of the Akdogan Member in 
sheet 4 record extensive penecontemporaneous reworking of early-diage-
netic nodules by strong bottom currents. Further north, in sheet 
and the northeastern mapped area, fine pink laminated limestones of the 
Kirazlar Tepe:Member probably represent a more distal fades, derived 
from the same reworking episode. 
In the northeastern mapped area, pink and grey, nodular and 
conglomeratic limestones (mapped as Akdoan Member) 'occur in thrust 
• sheet D, at' scattered.localities in the imbricated complex, and in 
melange/megabreccia terrain near Havutlu (grid 2 70877; possibly within 
sheet 'C). These areas probably represent local structural highs in the 
Sofular Formtion basin where sandstone was not deposited, but :they could 
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conceivably be explained as tectonic klippen of thrust sheet 4. Ob-
served interbedding and lateral interdigitation of Akdoan and Kiraziar 
Tepe fades at.Akçaar (grid 260866) supports the hypothesis of local 
highs within the basin. 
Most sections of the Akdogan Member show an upward transition 
from grey to pink limestone and .a corresponding increase in nodularity, 
followed by the appearance of red bedded chert at the transition to the 
Yllanil Formation. Following Garrison and Fischer (1969), these facies 
- 	may be related to the distribution of analogous sediments in modern 
oceans. Carbonate sediments are essentially absent below a lëvelknown. 
as the calcite compensation depth (CCD), owing to the increasing solu-
bility of calcite with depth. Aragonite is more soluble than calcite; 
the aragonite compensation depth (ACD) is therefore shallower than the 
CCD. Both levels are determined by the balance of supply and solution. 
They varyin depth from place to place. The ACD is particularly van-
able: in the central Pacific, it is less than 1 km deep (Berger, 1976) 
whereas on the Bermuda pedestal, adjacent to extensive shallow-water 
platform sources of aragonite, it is reported at 4100 m depth (Chen, 
1964). Calcite supply to the ocean floor is mainly in the form of 
skeletons of planktonic .organisms (coccolithophores and Foraminif era) 
and is more uniform in its distribution. The CCDvariès between 4500 
and 5500 m over most of the present-day oceans. :Both levels fluctuated 
with time. Variations in the CCD during the Tertiary are well docu-
mentedfor themajor ocean basins (Bergen and Winterer, 1974). In pre-
Jurassic sediments, planktonic Forarninif era and coccoliths are -unknown. 
Thisprobablyhad two main effects on the distribution of early Mesozoic 
deep-water carbonate, sediments: 
i) The. ACD and CCD would have been considerablyshallower 
than at-present because of the reduced total supply of 
carbonate (Garrison and Fischer, 1969); 
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ii). Most fine carbonate sediment ws probably ultimately 
platform-derived. By analogy with present-day shallow-
water carbonates, it would have had a high aragonite/ 
calcite ratio. As a result, the ACD and CCD may have been 
much closer together than at present. The preponderance 
of relatively soluble platform-derived aragonite and 
magnesian calcite in Triassic and Jurassic "pelagic" 
limestones-would also account for the. abundance of early 
diagenetic nodular fabrics ("ammonitico rosso" facies) 
throughout the Tethyan realm, in contrast to the predomi-
nantly flat-bedded pelagic limestones of the later Cre-
taceous (Bosellini and Winterer, .1975), which are dominated 
by coccolith (low-Mg calcite) debris. 
These -fluctuations are, shown schematically in Figure 5-4. Most 
of the Sofular Formation fine limestones were deposited above the con-
temporary ACD, as demonstrated by the presence .o .f occasional ammonite 
moulds (originally aragonite). At the top of the SofularFormation 
(probably Lower Jurassic), subsidence through the ACD and CCD occurred, 
leading to deposition of siliceous sediments (radiblarites of the 
Yilanli Formation). Because the ACD and CCD were close together, there 
is no well-developed zone-with calcite but without aragonite fossils, 
corresponding to the "Aptychus limestones" seen in later Jurassic 
sequences elsewhere in the Tethys (Garrison and Fischer, 1969). In the 
Cretaceous, sbme sequences show a return of pelagic limestone (Kocakent 
Tepe Formation), probably as a result of a fall in the CCD (see section 
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5-..5, below-J. 
5-3 Cherty sequences.: Xilanii, Formation, Zindan Formation 
GavurcaLi,Tepe Limestone 
a) Chérts an&mudstones: field aspects 
The Yjianli. Formation includes abundant non-calcareous sedi-
ments, ranging from mudstone to bedded chert. Similar sediments occur 
near the top of the GavurçaliTepe Limestone. These are not distin-
guishable from those of the Yllanli Formation. The following descrip-
tion applies to cherts and mudstonesof both Formtions. Zindan Forma-
tion chert is mainly black, but resembles typical Yllanli Formation 
chert in other respects. 
Nudstones are opaque and fissile, whereas cherts are opaque to 
translucent and are Usually thinly bedded, breaking into small (1-5 cm) 
blocks. Thin (1-10 mm) layers of fissile mudstone:separate chert beds. 
The centres of the beds are usually more silicified than the margins. 
Colour is very variable, ranging from black through dark red, grey-
green, and locally greenish yellow. Cherts in sequences with few rede-
posited limestones are predominantly dark red, whereas those interbedded 
with calcarenites are more usually grey-green or multicolored. 
Chert beds, though appearing grossly parallel in whole outcrops, 
show a variety of pinch-and-swell and lenticular structures. Swellings 
up to three times normal bed-thickness occur in places (Figure 5-3d). 
The swellings have vitreous, highly silicified cores. Beds may pinch 
out completelywhen traced laterally. Many cherts.are laminated, with 
local development of grading or cross-lamination. Verticalandhori-
zontal burrows are sometimes seen (Figure 5-5a). 
These sediments resemble bedded cherts widespread in the Tethyan 
Mesozoic Ce.g. McBride and Folk, 1979; Price, 1977b). Their distribu-
tion is reviewed by Grunau (1965). 
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b) Silica components 
The cherts and mudtones consist of microcrystalline silica, 
clay, Radiolaria (Fig. 5-5), fine opaques, and quartz silt, in varying 
proportions. Carbonate mud or silt and dolomite are sometimes present 
(see also section 5-3e, below). 
Microcrystallinesilica shows a variety of fabrics. The most 
common are classified as follows: 
1) 	Ultrafine microquartz: almost isotropic but finely 
speckled when viewed between crossed polars.. 
Jig-saw microquartz: small (1-10 p). amoeboid quartz 
grains with sinuous interlocking boundaries and strongly 
undulose extinction; the commonest fabric in the cherts 
(Figure 5-5c). 	 . 
Polygonal microquartz: quartz crystals with an "annealed" 
fabric of flat-extinction polygons; relatively rare. 
Chalcedony: fibrous appearance between crossed polars, 
may be length-slow or length-fast. Chalcedony is confined 
to radiolarian and vein fills and aras where silica is 
seen to replace carbonate (Figure 5-5c). 
Quartz is the only form of silica revealed by X-ray diffraction (Figure 
5-2). In spite of the resemblance of the ultrafine form (i) to opal-CT 
(Jones and Segnit, 1971), no trace of this polymorphwàs detected. 
Radiolaria show varied preservation, being generally undeformed 
in cherts but flattened in cherty mudstones and mudstones. In the most 
vitreous chert they are represented by diffuse patches of coarser micro-
quartz. Preservation ishetter in impure chets. Skeletons are re-
placed by microquartz and filled By megaquartz, chalcedony, microcrys-
talline silica, or rarely by green clay resembling glauconite. Geopetal 
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fills (Figure 5-5b) show that microquartz can represent both internal 
sediment and void-filling cement. Radiolaria extracted by the method 
of Pessagno and Newport G19721 are shown in Figure 5-5. 
Fractures are seen in most cherts. They may be filled by chal-
cedony or megãquartz. In one case megaquartz is associated with anal-
cite (Figure 5-2, 5-6b).. Later generations of fractures show calcite 
fill. 
c) Terrigenous components 
Quartz silt, distinguished by sharp, angular outlines and even 
extinction, is presumed to be of terrigenous origin. It is found only 
in cherts low in the Yrlanli Formation. 
The clay component is usually concentrated in crudely bedding-
parallel films which wrap round Radiolaria (Figure 5-6b), and probably 
represent micro-stylolites. X-ray diffraction reveals illite, iron 
oxides, and,in cherts near the top of the formation, smectitE. The 
total quantity of clay is best indicated by analysis. Alumina (present 
mainly in clays) varies from 0.5 to 14% (Appendix 4). Most other oxides 
except silica,lime (present in carbonates in some cherts), and some 
trace metals (see below, section d) show good correlation with alumina 
(Figure 5-9, 5-10). This indicates a remarkably constant clay composi-
tion throughout the formation. In red cherts, the iron originally 
associated with clay is in the oxidised form of fine haematite. Com-
pared with. average pelagic clay (Turekian and Wedepohl, 1961), there 
is .a deficiency. of Fe, Mg, Ti, Ca, and most trace. elements, and an 
excess of K. The proportions are closely matched by the !average.sha1eI 
of Clarke (1924). 
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Metalliferous sediments 
Some radiolarites and mudstones are metal-enriched. The most 
notable occurrences are in slLces within m1ange/rnegabreccia terrain 
south of Yuvali (.grid 207716, where red siliceous Halobja-bearing 
mans (Kiraziar Tee Member?) are overlain by red, grey, and greenish 
siliceous mudstones. Three samples (61342-4; Appendix 4) show diverse 
assemblages of trace metals. 61342 is enriched relative to other 
Yilanli Formation mudstones in Mn and Cu. A green-weathering mudstone 
(61343) is strikingly copper-rich (3.8%) but contains normal amounts 
of other elements. Copper is mainly present as the basic carbonate 
malachite (Figure 5-2). Sample 61344 contains excess Cuand Mn rela-
tive to typical Yilanli Formation mudstones, but is also strongly en-
riched in Fe, Sr, Y, rare earths, and P. 
Manganese-rich sediments also occur in typical Yi.lanli Formation 
sequences near Yilanli (grid 232870 and 216893). Analyses (Appendix 
4) show up to 27% of Mn, accompanied by high amounts of Cu, V, Ba, Zn, ,  
Pb, and Sr. Fe is not enriched above levels consistent with the clay 
content of the sediment. Mn is present as pyrolusite, distributed in 
fine bands and laminae within the most metal-enriched sediments (Figure 
5-6a). Lower Mn concentrations are revealed only as black patina on 
weathered or veined surfaces. 
Calcareous fine-grained sediments 
Most Yilanli Formation sequences with redeposited calcarenites 
also contain beds and laminae of finegrained limestone and marl. In 
thin section these are seen to consist of a mixture of lime mud and 
silt. Occasional echinoderm fragments are visible. Beds are usually 
normally graded, with. the proportion of Radiolaria increasing upwards. 
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Replacement of carbonate by microquartz chert is often seen, such that 
an original mixed lime/silica bed is differentiated into an upper chert 
lamina and a lower limestone lamina. Replacement of Radiolaria by 
calcite is sometimes seen in the latter. 
In the upper, CretaceoUs, part of the Yilanli Formation, there 
are.intervals of £ laser-laminated calcareous and siliceous. mudstones, 
associated with facies L calcarenites (Chapter 4). They often show, 
extensive soft sediment deformation of thin beds and laminae (Figure 
5-6d). :Petrographically, they contain varying mixtures of calcareous 
and siliceous debris, including well preserved Radiolaria. There may 
be extensive replacement of carbonate by length-slow chalcedony. There 
is no evidence in the samples examined to support Folk and Pittman's 
(1971) contention that length-slow chalcedony forms by replacement of 
evaporites. 
Calcareous sediments in - the Yilanli Formation of thrust sheet 
2 are more thickly developed than elsewhere. Unlike the carbonates 
described'-above, these are uniformly fine grained and not obviously 
laminated. They resemble typical greenish cherty . mudstones but contain 
up to 60% of calcite (estimated from analyses; Appendix 4), together 
with clay and silica. Radiolaria are flattened and replaced by calcite 
(Figure 5-6c). Local diffuse chert concretions are present. 
f) Depositional environment 
Deep waters of modern oceans are undersaturated with carbonde.-, 
leading to carbonate-free sedimentation below the carbonate compensa-
tiOn depth (cCD). The CCD varies in depth from place to place and 
through time. A higher level, the lysocline separates well-preserved 
from partially dissolved calcite skeletal material. The absence of 
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carbonate from most of the bedded cherts studied suggests deposition 
below CCD, although, it is possible that mixed sediment deposited above. 
the CCD could be converted to radiolarian chert 'by diagenetic removal 
of carbonate. Garrison and Fischer (1969)' and Bos:ellini and.Winterer 
(1975) suggest that the CCD was relatively shallow in the Jurassic 
Tethys, deepening during the Cretaceous. With the exception of bed-
swellings (here interpreted as diagenetic features; see below), the 
cherts do not show any of the features claimed by R.L. Folk (in McBride 
and Folk, 1979) as evidence of shallow water origin in analogous Italian 
examples.  
Fine scale parallel and ripple lamination indicate reworking of 
the radiolarian sediments 'by bottom currents. In contrast to bedded 
cherts from Greece described by Nisbet and Price (1974), grading and 
Bouma sequences structures are rare in the non'-calcareous Yilanli For-
mation cherts, suggesting that redeposition of radiolarian sediment by 
turbidity currents was relatively unimportant. 	 ' 
Thin horizons of lime mud and silt, and the thicker calcarenites 
and calcirudites described in Chapter 4, are interbedded with the radio-
larites. These were probably introduced rapidly by turbidity currents. 
Dissolution was too slow to remove the carbonate layers before burial. 
Thereafter, local solution would have raised the interstitial waters to 
saturation with carbonate, preventing complete destruction of the beds, 
and allowing some carbonate cementation to, occur (see also section 4-6). 
Flaser laminated mixed sediments high in the Yilanli Formation 
suggest more prolonged re-working on the sea-floor. These cannot have 
formed below the CCD, but the absence of calcite-microfossils suggests 
an environment well below' the lysoc,line. 
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Many sediments of thrust sheet' 2, on the other hand, show 
solution of Radiolarjaànd cement fill of the resulting voids. Fine, 
probably calcareous fossil debris is also seen, suggesting a relatively 
shallower environment, possibly abOve the lysocline. Flattening of 
Radiolaria in these, sediments indicates a lack of early cementation, in 
contrast with the Sofular Formation fine limestones. 
Rates of sedimentation were probably slow. The sequence at 
Kiraziar tepe (grid 232870), near Yilanli, was deposited at about 2 mm 
per thousand years for the Jurassic and Cretaceous, a rate comparable 
with radiolarian -oozes in the Pacific (Berger, 1976). This average rate 
conceals fluctuations, as shown by radiolarian dates. The Cretaceous 
part of the sequence was deposited much faster than the Jurassic part. 
There may, however, be gaps in the sequence, which would only be re-
vealed ,by more thorough palaeontological sampling. The predominant red 
colour of these' cherts maybe attributed to the slow sedimentation 
rate, leading to thorough oxidation before burial. Paradoxically, 
'sequences of predominantly greenish chert do not show significantly 
higher average sedimentation rates; some other control may therefore 
have operated. However, most such sequences contain thick calcarenites 
deposited-by turbidity currents which may have eroded substantial ' 
amounts of pelagic sediment. Again, better palaeontological control 
would be needed to check this possibility.  
Black chertoccurs in the Zindan Formation (U. Juräs.sic-L. Cre-
taceous of thrust sheet A) and locally in the Yilanli Formation. Black 
cherts'also occur in the southwest segment-of the Antalya Complex 
(Bilelyeri Group; Robertson and Woodcock, in press.,b). Zindan chert 
gave Only a 3.3% loss on ignition, which, after allowing for loss of CO 2 
from calcite (estimated from CaO content in analysis) gives a maximum Of 
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0.5% due' to organic matter. The Zindan cherts are not therefore .coni-
parable to the Atlantic sapropels €Jenkyns, 1980), which have larger 
amounts of organic carbon. Nevertheless, they show fine lamination 
undisturbed by hioturhation and may therefore record locally reducing 
bottom conditions. They have somewhat raised nickel contents (Figure 
5-10) relative to Yilanli Formation cherts. Nickel-enrichment is a 
common feature of black shales (e.g. Vine and Tourtelot, 1970). Abun-
dant Radi,ölaria indicate normal conditions higher in the water column. 
g) Origin and diagenesis of silica 
Radiolaria are the most obvious source for the silica component. 
A 
Nevertheless, considerably more silica is present that that represented 
by visible radiolarian skeletons. Analogous 'sediments (elsewhere in 
the Tethyan region-and in modern oceans) show selective dissolution of 
Radiolaria, accompanied by re-precipitation of silica in the form of 
lepispheres' -- 'spherical aggregates of silica in the form of Opal-CT 
(Von Rad.and Rösch:, 1974). An overall maturation of silica from bio-
genic opal to Opa1CTand then quartz.. is observed. ' Direct evidence 
for this process is lacking in the Yilanli Formation cherts, but the 
undulose extinction of most microquartz and the presence of possible 
pseudomorphed lépispheres within Radiolaria (Figure 5-7a) favour inver-
sion'from an Opal-CT,precursor. 	 .. . 
Initial silica'.precipitation occurred in concretions, now pre-
served as vitreous bed-swellings (Figure 5-3d). Compaction of the 
surrounding sediment was accompanied by further silica precipitation 
throughout some: beds (Figure 5-8). Pinching-out of beds indicates 
either wholesale solution at certain horizons (unlikely since no cor-
responding increase of insoluble residues is seen) or silicification 
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about discontinuous centres analogous to extremely broad flat concre-
tions as shown in Figure 5-8. The change from concretion-formation to 
layer-silicification may .have been related to the increasing anisotropy 
induced by compaction. Only the later stages of compaction caused 
flattening of Rádiolaria. 
At this stage the sediment was still plastic enough to produce 
the flake-shaped .intraclasts seen in calcirudites within the Yxianli 
Formation (Figure 4-5d). Subsequent maturation produced the observed 
microquartz fabrics and hard, brittle texture. 
h) Origin of metalliferous sediments 
Metal-enriched sediments may form by direct precipitation or 
biological concentration from sea-water (e. g manganese nodules), by 
precipitation from hydrothermal waters escaping at thesea floor,.or 
post-depositionally during diagenesis. 
The distribution of manganese oxide in laminae and thin beds in 
some Yilanli Formation examples strongly suggests a primary origin, 
Although some diagenetic redistribution has clearly taken place along 
fractures (Figure 5-6a). Most samples differ chemically from deep ocean 
hydrogenous manganese sediments. Their very low Fe/Mn ratios (down to 
O011) indicate fractionation of manganese from iron relative., to normal 
sediment and sea-water abundances. . Fractionation of these elements is 
known to be controlled largely by Eh and pH. .Increase:of either leads 
to precipitation of iron before manganese (j(rauskopf, 1967). Low"Fe/Mn 
ratios occur both in continental borderland diagenetic nodules (Cronan, 
1976) and in some sediments precipitated from hydrothermal water (e.g. 
at the mid-ocean ridges; Bostrom, 1966). However, the continental 
borderland nodules do not usually show trace:.element enrichment (Price 
and Calvert, .1939.). Yilanli Foition examples are therefore probably 
formed from particulate oxides precipitated in the neighbourhood of 
hydrothermal submarine springs. They may have been reworked some dis-
tance from source. Rare earth studies indicate that the enriched trace 
elements in analogous sediments from oceans (Bender et al., 1971) and 
ophiolites (Robertson and Fleet, 19.76) have been extracted from sea-
water by co-precipitation with iron and manganese hydroxides. 
The high concentrations of capper in the manganiferous sediments 
are similar to those Of hydrothermal sediments (umbers and ochres) from 
Cyprus (Robertson, 1978). The single sample of manganese and iron-free, 
copper-rich sediment with up. to 3.7% Cu is unlike known modern or ancient 
hydrothermal sediment-. Most copper is usually precipitated as sulphide 
in deeper environments within the hydrothermal systems (e.g. Spooner, 
1977). Diagenetic mobilisation and concentration of copper is therefore 
more likely. Solution of copper from manganiferous sediment would occur 
at pH less than 7.0 within the stability field of pyrolusite (Garrels 
and Christ, 1965). Transport into an environment of higher pH and 
carbonate concentration (e.g. a more calcareous layer) could then lead 
to precipitation of malachite within the sediment. 
Most modern hydrotherm1 sediments are attributed to the leaching 
of hot basic volcanic rock (e.g. Bischoff and Dickson, 1975). Such a 
source is not immediately visible in the case of the Yilanli Formation 
sediments. However, contemporary hydrothermal sediments are seen in the 
Havutlu Lava - Formation. The position of these lavas. and sediments in the 
tectonic reconstruction is uncertain (Chapter 3), but could have been 
within the same basin or basin as the Yilanli. Formation (see also Chapter. 
8). Alternatively, hydrothermal extraction of iron and manganese from 
within orbelow the observed sediment pile (Sofular plus Yi1anl. Forma-
tion) could be. envisaged. 
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5-4 Fine-grained sediments of the Havutlu Lava Formation 
Introduction 
Fine-grained sediments occur in the Havutlu Lava Formation, 
interbedded with and overlying the lavas. Owing to the fragmentary 
nature of the Formation (mostly exposed in mlange/megabreccia terrains), 
measurable sections are few and the internal stratigraphy-is poorly 
known. 
Pink limestones 
Pink fine-grained limestones-occur at a number of localities-, - 
overlying lavas. Typical outcrops 1 km southwest of Havutlu (grid 
206882) show nodular thin-bedded limestones apparantlyconfined to 
hollows in an irregularlava surface. The-limestone contains increasing 
amounts of red replacement chert upwards, .and is overlain by red radio-
larian bedded chert. Chert rests - directly on higher, points of the lava 
topography. Elsewhere, limestone is seen to be overlain and underlain 
by radiolarite. Limestones also occur within the lavas at a number-of 
localities. 	 - 	 - 	- 
In thin section,-the limestones are •seen to be recrystallised 
with obliteration of original fabrics, although "ghosts" of Radiolaria - 
are sometimes visible. Red colouration is due to-haematite films along 
grain-boundaries. 	 - 	- 	 - - 	- - - 
- The limestones resemble pink nodular carbonates of the Sofular 
Formation (section 2c, -above), which, -though older, also pass upwards 
into radiolartes. They are likely to have a simjlar origin, in a - 
relatively - deep marine environment. 	- 	- 	 - 
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c) Cherts and mudstones 
Red radiolarian chert and mudstone sequences from the 1-lavutlu 
Lava Formation closely resemble those of parts of the Yllanli Formation, 
but are devoid of redeposited. limestones.. In thin section, they are 
seen to contain abundant and well-preserved Radi,olaria. One sample 
yielded Radiolaria (determined by E.A. Pessagno) indicative of U. 
Jurassic or L. Cretaceous age. The cherts show the same silica types 
as those of the Yilanli Formation, and have similar chemical composition 
also (Appendix 4). Like the YilanliFormation cherts, they indicate a 
deep marine environment, probably below the contemporary CCD. 
Metalliferous sediments occur at Havutlu, apparently ponded in 
a hollow (approximately 2 m wide) in the lava surface. Unlike most 
Yilanli Formation metalliferous sediments they have a high Fe/Mn ratio 
and are not appreciably enriched in most trace elements. They resemble 
in these respects iron-rich mudstones produced by weathering of ocean-
.
floor basalts (Bonatti and Joensu, 1966). However, they differ from 
these mudstonesintheir low alumina and titanium contents. Weathering 
of basalt cannot account for their composition. The mudstones are there-
fore interpreted as hydrothermal sediments, similar to those described 
by Robertson (1978) from the Arakapas fault zone in Cyprus. The low 
Ce/Nd ratio (0.11, chondrite normalised) in the Havutlu and Arakàpas 
sediments supports incorporationof trace elements from sea-water,  
rather.than.from basalt (Benderetal., 1971). 
The Havutlu iron-rich mudstone'.is therefore interpreted as 
hydrothermal sediment diluted with radiolarian silicaand possibly small 
amounts of basalt debris. The high Fe/Mg ratio indicates a relatively 
unfractionated precipitate,: formed under lower Eh or pH conditions than 





limestones of the 	t Tepe Formation and 
estone" 
Introduction 
The Kocakent Tepe Formation and the GavurçaLi, Tepe Limestone are 
confined to thrust sheets B and A respectively, in the northeast of the 
mapped area. Both are of upper Cretaceous (possibly to Palaeocene) age,. 
and are lateral equivalents of the Yilanli Formation and Goynuk 'Forma-
tion. Both are characterized by alternation of pink micritic limestone 
with redeposited calcarenite and calcirudite. Redeposited beds make up• 
over 95% of the Gavurçali Tepe Limestone (600 m thick approximately). 
Fine limestones are usually highly sheared between the massive calciru-
dites. Calcarenites make up only about 10% of the KocakentTepe Forma-
tion (.thickest section' seen: 33 m), in which fine limestones show only 
a spaced cleavage at high, angles to bedding. This description is there-
fore based primarily ôn.theKocakent TepeFormation, but is probably 
largely applicable to the Gavurçali Tepe Fine limestones also. 
Field and petrographic characteristics 
The limestones vary from white to dark red, pink shades being 
most common. Beds.are:thin (5_15:cm) and often grade from slightly 
coarser pale micrite at the base to finer darker micrite at the top. 
Lamination is confined to the coarse bases.. Flattened burrows appear 
as occasional darker areas of elliptical cross-section (Figure 5-7b). 
The limestones are well lithified, but a single bed (15 cm thick) of 
friable white chalk is - present jn the type section. Red to grey re-
placement chert occurs as nodules, increasing in frequency downwards. 
Thin laminae of red calcareous inudstone separate some beds. 
The limestones consist mainly of micritic. calcite but contain 
scattered planktonic Foraminif era (globigerines and globotruncanids), 
filled with calcite cement. Silt-size calcite grains and minute clay 
flakes are also common. Some circular patches of coarse calcite may 
represent replaced Radolaria.' Graded beds show a downward increase 
in the porportion of Foraminifera and calcite silt. 
Under the scanning electron microcope, fractured and lightly 
etched samples are seen to contain well preserved coccoliths, although 
the majority of the micrite consists of angular calcite grains not 
recognisable as skeletal remains (Figure 5-7). 
c) Interpretation 
The purely planktonic microfaunas indicate a pelagic environment 
of deposition for the .limestones, above the contemporary carbonate corn-
pensation depth. Coccolith remains are the most likely source of the 
micrite. Although only a small proportion consists of.. recognisable 
coccolith debris, comparable Tertiary and Cretaceous coccolith lime-
stones frequently show progressive solution and cement precipitation 
during burial diagenesis, producing identical. textures (e.g.. Schianger 
and Douglas, 1974). Some coccoliths show evidence of cement precipita-
tion (Figure 5-7d). 
Foraminifera, radiolaria,terrigënous detritus, and.calcite silt 
of unknown source (possibly platform-derived), are. volumetrically minor 
sediment contributors. Chert nodules are probably produced by diagenetic 
mobilization of radiolarian silica. 
Graded beds represent eLther minor turbidity currents or graded 
fallout following some other type of sedment.suspending event. The 
presence of laminations at the base of graded units favours a turbidity 
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current origin. Most turbidites were intraformationally derived. They 
contain the same components as ungraded limestones. Calcarenites within 
the sequence (Chapter 4) represent platform-derived material. 
Analogous Cretaceous pelagic limestones, often overlying earlier 
radiolarite sequences, are widespread in the Tethyan region (e.g. 
Cyprus-Robertson and Hudson, 1974; Greece-Aubouin et al., 1963; Oman-
Glennie et al., 1974). The change from dominantly siliceous to domi-
nantly calcareous. pelagic sedimentation in these regions is interpreted 
by Garrison and Fischer (1969) and Bosellini and Winterer (1975) as 
being due to a rapid Cretaceous fall in the carbonate compensation depth 
(CCD) associated with the increasing aburidanceof coccoliths and plank-
tonic Foraminifera. 
5-6 Goynuk. Formation 
/ 
a) Introduction  
In addition to ophiolite-derived sandstones and calcarenites, 
the Late Cretaceous Göynük Formation contains considerable thicknesses 
of fine-grained sediment - principally mudstones and impure limestones. 
Most are distinctive in field appearance, on account of their tendency 
to split along curving, subconchoidal surfaces and spaced planar joints. 
In the' southern and central mapped areas, however, some mudstones show 
bedding-parallel fissilitysimilar to that of Yilanli. and Sofular Forma-
tions. 	 . 
The Göynük Formation was everywhere deformed soon after deposition 
(section 3-2e), causing. complete disruption of the stratification at 'many 
localities (Figure 3-8b). Because of this deformation, continuous 
sections are short. Only very limited information is available on fades 
relationships within the Formation (section 4-7). 
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Mudstones 
Most Göynuk Formation mudstones are grey and fine-grained. They 
consist largely of clay-sized material, but contain silt-size grains 
of iron oxides, quartz, and greenish serpentine or chlorite aggregates 
(possibly altered volcanic glass). Clay minerals are usually well 
orientated but there is no compositional lamination. X-ray diffraction 
reveals quartz, calcite, sinectite, poorly crystalline illite, serpen-
tine, and possibly kaolinite (Figure 5-2). Feldspar, rhodochrosite, 
and haematite are detected in some samples. 
Occasional beds of greenish black vitreous chert occur within 
the mudstones. These consist almost entirely of "jig-saw." microquartz 
(see section 5-3b, above),cutbyveins of chalcedony and later calcite. 
Minute iron oxide flakes are detected in some samples. 
Appendix 4 gives an analysis of a typical chert sample. It shows 
higher Fe/Al and Mg/Al ratios than Yilanli Foration cherts. Chromium 
and Nickel are also.roughly twice as abundant as in Yilanli Formation 
cherts of equivalent alumina content. 
Limestones  
Limestones are invariably impure, and weather brown or blue-grey 
on exposed surfaces. They consist mainly of micritic calcite but con-
tain numerous small Foraminif era, mostly.broken. Visible impurities 
are fine clay and iron oxide grains. Patches of chalcedonic silica are 
also present. X-ray diffraction.(Figure 5-2) reveals calcite, quartz,. 
clay(chlorite or smectite) and rhodochrosite (MnCO3). Under the 
scanning electron microscope, the calcite is seen to consist of equant 




The presence of serpentine and the enrichment of Fe, Mg, Ni and 
Cr relative to alumina are consistent with a predominantly ophiolite-
derived origin for the terrigenous component, comparable with that of 
some of the coarse clastics of the Formation. 
The calcite - component-is probably mainly of coccolith and foram-
iniferal origin. In the absence of grading, lamination, and 'current 
structures, depositionis assumed to have been mainly by suspension 
fall-out. Deposition was clearly above calcite compensation depth, 
but the poor preservation of both coccoliths and forams possible indi-
cates some degree of olution, suggesting an environment below the 
lysocline. 
The origin of the manganese, detected as the carbonate rhodochro-
site, is problematical. Four possible sources are: 
1) 	Derivation from parts of the Antalya Complex already 
deformed and undergoing erosion (see section 4-7) - 
e.g. by erosion of manganiferous'sediments of the Yilanli 
and Havutlu Lava Formations. 
Diagenetic introduction by leaching from underlying 
Yilanli Formation manganiferous -sediments. 
Deposition ashydrothermal sediment (see sections 5-3 and 
5-4, above), followed by diagenetic reduction to 
divalent manganese. 
Hydrogenous precipitation from sea-water. 
Manganese is not visibly concentrated in concretionsoralong veins, 
suggesting a primary rather than diagenetic origin (ii). Hydrogen bus 
precipitation (iv) is unlikely, because rates of terrigenous sedirnenta- 
tion were probably moderate to high. Modern hydrogenous manganese 
deposits are nodular and occur in areas of slow sedimentation. Of the 
remaining mechanisms. (i and iji), derivation by erosion of Antalya 
Complex rocks seems most likely, since radiolarian chert fragments are 
common in Göynük Formation sandstones. Reduction from pyrolusite 
(Nn02 - the predominant form in the,Yilanli and Havutlu Lava Formations) 
to Mn might have occurred at any stage during transport or diagenesis. 
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CHAPTER 6 CARBONATES OF SHALLOW-WATER ORIGIN 
6-1 Introduction 
Scope: previous work 
Massive and thick-bedded limestones, typically containing ooids, 
peiletoids, algae, and benthonic Fora minifera, outcrop over a large 
proportion of the mapped area. These limestones are distinguished from 
those described in Chapter 4 by the general absence of pelagic interbeds 
and the lack of sedimentary structures indicative of redeposition by 
sediment gravity flows (turbidity currents, etc.). Nonetheless, some 
of the limestones described in this Chapter include material which has 
been transported some distance from its site of origin. 
Previous syntheses (e.g. Brunn et al., 1971) divide these carbo-
nate units into two groups. Those demonstrably in a high tectonic 
position, thrust over deep-water Antalya Complex sediments, are regarded 
as fragments of an Upper Antalya Nappe or Nappes. Tectonically low units 
are classified with the main carbonate platform units of the Isparta 
angle as parts of the Taurus Autochthon (Figure 1-2). Within the area 
of this study, the çaykoy unit falls in the latter category. It is 
interpreted by Brunn et al. (1971) as a part of the Taurus Autochthon 
appearing in a tectonic window through the Complex. The limestones ,of 
Dulup Dai (thrust sheet 1) and Hudulca Tepe (sheet 3), on the other 
hand, are assigned to the Upper Antalya Nappe by Brunn et al. 
Treatment adopted in this chapter 
Mapping in this study has shown that while the carbonates of 
Dulup. Dai are unquestionably the highest tectonic unit in their 
immediate area, those of Hudulca Tepe form a separate unit (sheet 3) 
intercalated between thrust sheets of redeposited fades. These units 
probably represent two separate platforms, although they may have been 
connected. The çaykoy Unit is in a lower position in the structural 
stack, but appears also to he intercalated between thrust sheets of 
deep-water sediments, although relationships along its north (lower) 
edge are complicated by the Yilanli-Pazarky Fault. The approach 
adopted in this Chapter is to consider each of these three tectonic 
units separately (sections 6-2 to 6-4). 
A fourth group (section 5) of limestones. of shallow-water .aspect 
occurs in the northeast of the mapped area. These are the Akpinar Tepe 
and Yassiviran Limestones of thrust sheets A and B, thought to repre-
sent the edge of the Anamas Dag platform, most of which lies outside the 
Antalya Complex. 
Relative to their large exposed area, these carbonate units were 
less intensively studied than those of the redeposited and fine-grained 
sediments. Originally, it was intended to carry out only a brief 
reconnaissance, but this was extended when the previously unsuspected 
complexity of structural and facies relationships became clear. Never -
theless, the rugged terrain and uniformity of field appearance has 
limited sedirnentological work. Sampling is restricted to selected well 
exposed sections. A more thorough investigation would be necessary to 
establish the lateral relationships of the various microfacies. 
Description of microfacies' in the following account is based on 
the terminology of Dunham (1962). 
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6-2 Kovada Dolomite and Dulup Limestone of 'thrust sheet 1 
a) Kovada Dolomite: facjes 
Although much of the Kovada Dolomite is composed of dolomite 
rock in which few details of original fabric can be discerned, lime-
stone and dolomitic limestone are also, common .withn the formation. 
The most common 'primary microfacies Is algal-laminated bound-
stone (Figure 6-1a), consisting of inicrite layers with irregular 
clotted texture, separated by discontinuous calcite or dolomite sp'ar 
sheets. The layering is sometimes uneven, forming small bulbous stro-
matolites. Some spar sheets have floors of geopetal mud or silt, indi-
cating that.most of the spar is a cavity'f ill. The layers are locally 
cut by larger vertically elongated spar patches, also with .geopetal 
fills, which probably represent burrows. Layers of unlaminated clotted 
to pelletoidal limestone containing bivalves and rare micritized echino-
derm fragments are interbedded with the algal-laminated material. In 
the field, lamination may often be distinguished in heavily dolomitic 
parts of the' 'formation. A variety of large rip-tip and even slump-folded 
structures are seen. 
Less common microfacies include lime mudstone - uniformly fine-
grained unlaminated limestone with rare burrows and silt-size particles - 
and fine-grained ostracod wackestone. Both facies are commonly bitumi-
nous, producing an oily smell when hammered or ground. Large organic 
remains are rare' in the Kovada Dolomite. One sample, from the northern 
part of the thrust. sheet, contains heavily recrystallized large (2 cm 
diameter) sponges and possible corals, encrusted 'and bound together by 
laminated inicrite of probable algal origin. 
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Kovada Dolomite: environment of deposition 
The fabric of the laminated limestones and dolomites is closely 
simjlarto loferites described from the Triassic to the Alps (Fischer, 
1964), and results from a combination of sediment, trapping by algal 
mats and periodic deswd.cation, leading to the formation of sheet-cracks 
between the layers. This facies therefore probably' indicates an inter -
tidal environment of deposition. Rip-ups, slumps, and coarser pelle-
toidal layers with bioclastic'material represent higher energy condi-
tions associated with tidal channels or with periodic: storms. 
The micritic and ostracod limestones suggest a restricted - en-
vironment, possibly of abnormal salinity,' but lack the des,cation 
cracks of the laminated limestones. They represent're'gions of high 
evaporation which never completely dried out. 
Sponges and corals are characteristic of higher energy, fully 
marine environment. They were capable. of building reef or reef-knolls, 
though this cannot be demonstrated with certainty in the Kovada Dolomite. 
However, the association of reef-like, intertidal, and restricted en-
vironments suggests a model such as that shown in Figure 6-2 for the 
Kovada Dolomite. The distribution, of the various microfacies suggests 
a north-facing platform margin, but - more detailed sampling and biostra-
tigraphic control would be needed to define fully the distribution of 
facies. 
Origin of dolomite 
The occurrence of dolomite as an apparent primary cement fill in 
algal-laminated carbonates i,nd±cates an early diagenetic. origin for 
some dolomite. Nevertheless, the 'majority of dolomite in the formation 
IM 
is repiaclve of limestone. Replacement pre-dates the formation of most 
veins and fractures but probably post-dates calcite cementation. 
Studies of recent shelf sediments has led to a number of theories 
of dolomitisation. Most require intense evaporation to cause precipi-
tation of gypsum or anhydrit(e, thereby raising the Mg/Ca ratio of the 
water, and a pumping mechanism such as seepage reflux (Adams and 
Rhodes, 1960) to move large volumes of water through the sediment. 
Gypsum and anhydrite are nowhere seen in the Kovada Dolomite. Evapora-
tive concentration is therefore an unlikely mechanism of magnesium con-
centration, although later solution by fresh water could account for 
the absence of these minerals. An alternative mechanism of magnesium-
concentration relies on extraction by upward pumping of brines through 
magnesian calcite sediments (Bathurst, 1971). Pumping could again be 
driven by evaporation, but would not necessarily lead to evaporite pre-
cipitation. A third mechanism is that proposed by Badiozamani (1973). 
It relies on the fact that mixtures of fresh and marine water may be 
supersaturated with respect to dolomite but undersaturated with respect 
to calcite. A migrating zone of brackish water could lead to dolomi-
tization of a large volume of sediment. 
Desiccation features - show that the Kovada Dolomite was at least 
temporarily exposed, while probable hypersaline environments indicate 
strong evaporation. Either the second or the third (or both) of the 
above processes could therefore account for the dolomitization. 
d) Dulup Limestone: fades 
The base of the Dulup Limestone is marked by an incoming of 
pinkish grey pelletoidal limestone, in contrast to the white dolomitic 
carbonates of the underlying Kovada Dolomite. The Limestone includes 
fossils from Middle to Upper Jurassic and Middle Cretaceous, but un-
dated parts probably extend both later and earlier than this. The 
Kovada Dolomite is undated. 
Most of the Limestone is well bedded, individual beds being lü 
cm to 1 m thick. Cross-bedding and current structures are not seen. 
Dolomitic horizons are common near the base of the Limestone. The 
following microfacies are distinguished: 
Pellet-foram-bioclastic packstone (Figure 6-1b). Pelle-
toids are often irregular shapes and may have clotted or 
grapestone structure. Bioclastic material and forams 
vary with the age of the.sediments. Echinoderm fragments, 
if present, are heavily bored and inicrite coated. Forams 
are benthonic types (Valvulina, Miliolines, etc). Poorly 
sorted carbonate silt and mud fills intergranular spaces. 
Fenestral packestone (Figure 6-1c). This facies is dis-
tinguished from (i) by the presence of highly irregular 
cavities and sheet-cracks which are larger than grains and 
may show geopetal partial mud fills. They are interpreted 
as shrinkage cracks produced by dessication. Forams, 
echinoderm and mollusc remains are very rare but algae 
such as Salpiñgoporella may be very common. This fades 
probably represents an intertidal environment. 
Pellet packstone-grainstone. This microfacies is charac-
terised by ovoid homogeneous pellets, with only rare forams 
and cement-filled micrite envelopes representing dissolved 
skeletal fragments. Micite matrix is irregularly distri-
buted, with some settling between grains. Intengranular 
spaces are filled with drusy calcite cement. 
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v) 	Lime mudstone. Fossils are completely absent or repre- 
sented only liy numerous small ostracod valves and rare 
molluscfragments. Large cavities are often present, 
showing geopetal fills resembling 	the vadose silt of 
Dunham (1969.), and later drusy calcite cement. Most are 
probably burrows. 
Dulup Limestone: interpretation 
The microfacies of the Dulup Limestone indicateenvironments 
ranging from intertidal to open platform. Pelletoidal limestones with 
normal marine fauna are far more abundant than the restricted and inter-
tidal facies. The scarcity of grainstones and the lack of current struc-
tures indicate predominantly quiet-water conditions. 
Evolution Of the Dulup platform 
The date Of establishment of platform carbonates is poorly known 
in the region represented by the Kovada Dolomite and Dulup Limestone of 
sheet 1. It may coincide with the Middle to Late Triassic appearance 
of micritic Halobia-bearing limestones in thrust sheet 2. Algal-mat 
and restricted facies (Kovada Dolomite) persisted until Lower or Middle 
Jurassic time. Bioherms may have rimmed the platform. Coarse-grained 
detritus did not escape in large quantities into the slope environment 
(sheet 2) during this period, although this is possibly partly due to 
the well-bound micritic nature of the sediments. Figure 6-2 shows 
schematically the probable distribution of fades in this period. 
The change in the Lower or KLddle Jurassic to the predominant 
open-platform pelletoidal facies of the Dulup Limestones is marked by 
a roughly contemporary change in thrust sheet 2 from fine thin-bedded 
limestones to coarse pelletoidal calcarenites (Yilanli Formation). The 
almost complete absence of framebujlding'organisms both from the 
• Dulup Limestone and its redeposited equivalents indicates that the plat-
form was no longer rimmed by any sort of harrier. The change is shown 
diagrammatically in Figure 6-2. 
The upper Cretaceous part of the sequence is no longer preserved, 
but a further fades change can be inferred from the Yilanli Formation 
of sheet 2, which shows a change from pelletoid to bivalve-echinoderm 
calcarenite. The Dulup platform in the late Cretaceous was probably 
dominated by poorly bound rudist mounds and crinoidal "meadows". 
6-3 Dulup Limestone of thrust sheet 3 
a) Facies 
Massive limestones of thrust sheet 3 are generally less well 
• bedded than those of the type area. They. overlie sandstones and thin-
bedded limestones containing bivalves and Radiolaria, assigned to the 
SOfular Formation. Available dates suggest Jurassic ages for most of 
the exposed Dulup Limestone of this unit. 
A much wider range. of facies is seen than in the Dulup Limestones 
• 	of the type area: 
• 	 1) 	•Pelletoid-foram'packestone and grainstone. These facies 
closely resembles those described from the Dulup Limestone 
of sheet 1. 	• 
Fenestral pelletoidal limestone: also similar to that of 
sheet 1. 
Transitional wackestone occurs at the base of the formation,',  
where it passed down into the Sofular Formation. In 
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addition to Radiolaria and thin-shelled bivalves it con-
tains ostracods, small ammoniteS, gastropods, and thicker 
bivalve fragments. The micrite matrix may have a vague 
pelleted texture. 
iv) 	Conglomerates. Clasts are poorly sorted. They include 
large sponges, spongiomorph Hydrozoa, corals (sometimes 
broken), intraclasts and lithoclasts of pelletoidal lime-
stone, small oncolites, benthonic calcareous algae (dasy-
dads), echinoderm fragements, irregular pelletoids and 
grapestone lumps. Many clasts are coated or bound by 
laminated algal micrite. Some show . a complex history of 
cementation and sediment inf ill (Figure 6-1d), while 
others contain only matrix or only cement between the 
large clasts. 
V) 	Boundstone (Figure 6-4a). A framework of sponges and 
spongiomorph Hydrozoa is bound by encrusting forams and 
laminated algalmicrite. Internal sediment is complexly 
structured and includes encrusting organisms (forams?). 
In both conglomerates and boundstone, early stages of cementation are 
cloudyisopachous calcite, sometimes with a radiaxial fibrous mosaic 
fabric (Bathurst, 1959). These possibly pseudomorph original marine 
fibrous aragonite cement similar to those recorded from recent reefs 
(Ginsburgetal., 1971). The latest stages of cement, mainly in 
solution cavities, are clear drusy calcite spar, probably precipitated 
from meteoric waters. 
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b) Interpretation 
The Dulup Limestones of sheet 3 are distinguished by their ahun- 
- 
	
	dance of large encrusted and hound organic skeletons which trapped - 
sediment and built mounds or even true (wave-resistant) reefs. Coarse 
conglomerates indicate steep slopes or ahigh-energy environment. The 
numerous stages of cement and sediment fill seen in some samples are 
also characteristic of reefs. Pelletoidal and fenestral limestones 
were probably deposited in a moderately sheltered back-reef environment, 
partly in the inter-tidal zone. 
The'distribution of fades is complex and incompletely known. 
At the base of the limestone, reefal facies locally become established 
immediately above Sofular Formation sandstones. Elsewhere, the sand- 
stones pass up into thin-bedded limestones and then into platform fades. 
Figure 6-3 shows the probable distribution of facies. 
Adjacent tectonic units contain little or no detritus attributable 
to the sheet 3 reef/platform complex. Three possible factors may account 
for this: 
The platform is really a marginal part of the Dulup plat- 
form of sheet 1, detached before the main thrusting as 
shown in Figure 3-25c., 
A calcarenite fringe existed but is not exposed at the 
present day surface. 
Extensive calcarenite flows were riot developed because of 
containment within a reef-rim to the platform. Coarse 
reef debris fell or rolled down the steep outer slopes as 
talus but was not redeposited by turbidity currents. 
Factor (i) is an unlikely explanation because' of the contrasting 
sequences underlying Dulup Limestone in the two platforms, and becaue' 
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of the lack of reef debris in the 'iilanli Formation of sheet 2, derived 
from the sheet 1 platform. Present day platform margins with reef rims 
may show very little redeposition of sand-siz'e material down slope 
(Mullins and Neumann, 1979)_. Factor iii would therefore explain the 
scarcity of platform-derived calcarenites, but limitations of exposure 
(factor ii) may also be important 
6-4. Limestones of caykoy unit 
a) Fades 
Limestones of the çaykoy unit (here classified as Dulup Lime-
stone,but included in the "Taurus Autochthon" by Brunn et.al ., 1971) 
are well exposed in two sections. The first is in the spectacular 
gorge of "Kapiz Dere" (1 km east of çaykoy; grid 190880), where approxi-
mately260 m of SW-dipping limestone is exposed, though the section is 
cut by the Ylanli-Pazarkby Fault, causing omission of 300-600 m of 
section. The second section sampled is to the east of Gökta Ciftligi, 
outside the mapped area (grid 166919 to 172927).. This road section 
cuts obliquely across strike but has better exposure of the upper part 
of the limestone. 
The lowermost 90 m in the Kapiz Dere section are dominated by 
massive foram wackestone and pellet-foram packstone similar to that 
of thrust sheet 1. . Some wackestones contain large thick-shelled bi- 
valves. ...The foram Haurania amigiindicatesaLower:to Middle Jurassic 
Age. Subordinate fenestral packstone,s and transitional wackestones with 
thin-shelled bivalves occur, and beds of pelletoidal grainstone become 
more common up-section. 	 . 
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South of the Yilan1i-Pazarkoy Fault, the upper part of the unit 
is dominated by bedded packstones in which .echinoderm and rudist bi-
valve. deb;ris becomes increasingly abundant at the expense of pelle-
toidal and jntraclastic material. Some beds are conglomeratic, with 
rudist, sponge, and rare coral fragments up to 3 cm in diameter. In 
the section near Gbktap Ciftlii, the equivalent part of the limestone 
contains intervals which resemble featureless micrite in the field, but 
which in thin section are seen to consist almost entirely of sponge 
skeletons, which were probably important sediment traps (bafflestone; 
Embry and Kiovan, 1971). 
The highest 5 to 40 rn of the Limestone consist of bedded, some-
times graded calcarenites interbedded with white to grey micritic lime-
stones containing silt-size carbonate grains and Upper Cretaceous plank-
tonic Foraminifera (Globotruncaña sp.). Limestones at the top of the 
unit exposed on the Eridir-Konya road at grid 165920 closely resemble 
those of the Goynuk Formation. At grid 165922 micritic limestones are 
interbedded with mudstones and calcareous sandstones containing greenish 
igneous. fragments. Dip discordances between outcrops (notably at grid 
185879 and 171892). suggest a local unconformity between these pelagic 
and redeposited sediments and the underlying more uniform limestones. 
b) Interpretation 
The Jurassic limestones in the lower part of the sequence are 
dominated by wackestones, representing generally lower energy environ-
ments than the grainstones and reefal limestones of sheets 1 and 3. 
Higher parts of the sequence show a change similar to that inferred 
for sheet 1, from pelletoidal limestones to echinoderm and rudist bio-
elastic facies, probably representing crinoidal "meadows" and poorly 
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bound rudst mounds. The lack of intact crinoids and rudists indicates 
higher-energy environments than the lower part of the limestone. The 
three-dimensional form of the sponge-dominated regions within the lime-
stone is unknown. They are evidently not laterally continuous since 
they are not seen in the Kapiz Dere section. 
The caykoy unit is cut by a number of N-S and NE-SW dip faults• 
which do not affect the overlying thrust sheet. These faults possibly 
pre-date the latest pelagic and redeposited unit of the Limestone. 
This would account for local apparent discordances at this horizon. An 
analogous relationship is recorded in the Karacahisar massif to the 
south of the Complex (Figure 1-2), where late Cretaceous pelagic Eekeni 
Dere Limestone was laid down discordantly on an earlier tilted platform 
sequence (Dumont, 1976a). 
6-5 Carbonates of thrust sheets A and B: margin of the Anamas Da 
Platform 
Introduction 
The limestones described in this section are included in two 
formations: the Akpinar Tepe Limestone (Triassic; confined to sheet A) 
and the Yassiviran Limestone (Jurassic). Their relationships with 
neighbouring formations are summarized in Figure 2-2 and 6-5. 
Akpinar Tepe Limestone: fades 
The Akpinar Tepe Limestone occurs in two massifs marked by the 
peaks of Akpinar Tepe (gride 289887) and Gölcük Tepe (grid. 327879). 
At Akpinar Tepe it is seen to.overlie Bucak Lava with apparently 
normal contact. Pinkish. micritic limestones, from which Juteau (1975). 
records Triassic ammonites, occur locally at the contact. Elsewhere 
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the lava is overlain directly by a variety of white saccharoidal lime-
stones in which large recrystallized corals and other organic skeletons 
are occasionally visible. Rounded masses up to 1 m in diameter are 
seen in fallen boulders at grid 306882. Better preserved though uniden-_ 
tifiable colonial corals occur in the Gölcük Tepe massif (Figure 6-4b). 
Laminated pelletoidal packstone and fenestral limestone occur 
rarely in the Akpinar Tepé massif. In the Gdlcük Tepe massif, coarse 
coral-bearing limestone passes down into well bedded pelletoidal and 
dolomitic limestone. The lower part of the massif consists of massive 
dolomite. 
In thin section, the coral-bearing limestones reveal few details 
of sedimentary histor owing to fracturing and extensive apparently 
replacive growth in matrix material of coarse calcite spar with strongly 
curved cleavage planes and radiaxial fibrous fabric (Bathurst, 1959). 
Organic skeletons are replaced with normal drusy calcite, though their 
laminated micrite algal bindings are often preserved (Figure 6-4c). 
Sponges and spongiomorph hydrozoa may sometimes be recognized in addi-
tion to corals. 
c) Akpinar Tepe Limestone: interpretation 
The abundance of corals and other large colonial organisms bound 
by laminated algal-material strongly suggests areefal environment of 
origin for much of the Akpinar Tepe Limestone. Distinct sub-environments. 
(fore-reef talus, reef frame, etc.) cannot be distinguished, however, 
because of poor preservation. In the Akpinar Tepe massif, the reef 
appears to have been established directly on Bucak Lava. In contrast, 
the reef limestone of GölcUkTepe passes down into platform facies, 
probably indicating that the shelf margin was regressive. 
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Akpinar.Tepe Limestone;.blocks in the Sofular Formation 
Mudstones of the Sofular Formation at Bucak (grid 305867) and 
Gölcük Tepe (grid 324876) contain large (50 cm - 5 rn) rounded blocks of 
ferruginous limestone with, large, well preserved coral colonies. The 
Triassic coral .Thecosmilia has been identified from these limestones 
(C. Kiragli, personal communication). Poisson (1977) describes similar 
blocks in the'Tilkidelii Tepe Formation in the southwest of the An-
talya Complex.  
As well as corals, the blocks contain large thick-shelled molluscs 
and echinoderm fragments. Shell microstructures are preserved in 
..coarse neojnorphic calcite. The fossils are immersed in a dark, carbona-
ceous algal micrite matrix with a laminated structure (Figure 6-4d). 
The rounded shape. of the blocks and the truncation of skeletons 
at their edges indicates that they fell or rolled into the mudstones 
from - the Akpinar Tepe reef or similar. The excellent'preservation of 
the fossils, in contrast to the in-situ reef limestone, is due to the 
relatively closed diagenetic environment within the .mudstones. 
Yassiviran Limestone of thrust sheet A 
Within the Antalya Complex, the largest mapped outcrop of the 
Yassiviran Limestone occurs within the"Zincansequence" (Figure 2-2j) 
described by Dumont. et al. (1980). The Limestone is well exposed 
between grid 313867 and 330866. 
The Limestone dips southwest and is overlain by Zindan Formation 
chert and silicified. redeposited limestone. It is mostly parallel-
bedded in units 10 cm to 1 mthick, and has a pelleted or oolitic 
texture. - Locally, thick lenticular bodies of.intra-formational,con-
glomerate are seen. These have strongly erosional bases, indicating 
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removal of up to 10 m of well bedded limestone. At Gölcük Tepe (grid 
321882) an isolated 3 m block of micrite is seen immersed in well 
bedded oolite. 
Most of the Limestone is dark grey packstone (Figure 6-6b), con-
taining pelletoids, ooids, intraclasts and grapestone, small oncolites, 
echinoderm fragments, molluscs, benthonic Foraminif era (orbitolines), 
calcareous Algae, etc. Near the base of the Limestone much quartz sand 
is present. Sand grains may be coated by micrite or form ooid nuclei. 
Intragranular spaces are largely filled by micrite. Remaining spaces, 
including those formed by solution of bioclasts, are filled with blocky 
calcite spar. 
Grainstones consist mainly of ooids or grapestone lumps. Inter-
granular space is sometimes partially filled by isopachous fringes 
(Figure 6-6c) of cloudy cementwfthpalisade fabric. This probably re-
presents an early marine Mg-calcite cement similar to those described 
by Schroeder (1972), James and Ginsburg (1979), and others in recent 
sediments. Occasional meniscus form (Figure 6-6c) of this cement sug-
gests vadose origin (Dunham, 1971). 
Conglomeratic limestones contain a much greater variety of 
material, including large (50 cm) coral limestone lithoclasts, intra-
clasts, sponges, and oncolites up to 5 cm in diameter (Figure 6-6d). 
The matrix is sandy oolitic grainstone and packstone. 
f) Yassi,yiran Limestone of thrust sheet B 
In contrast to sheet A, the Yassi,viran LimestOne of thrust sheet 
B is thin (Figure 2-21 and is exposed in numerous small tectonic slices. 
It broadly resembles the Limestone of sheet A, but tends to be lighter 
in colour and thinner-bedded (5-50 cm). Cross-stratified units 10-30 cm 
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thick are relatively common (Figure 6-6a). The highest and lowest parts 
of the Limestone contain graded beds with turbidite sedimentary struc-
tures, however. Thin (5-10 cm) horizons of yellow siltstones occur on 
Kartaltai Tepe (grid 309908), associated with pink-weathering sandy 
calcarenites. Both fades are identical to those seen in the Anamas 
Dag to the northeast of the Complex. 
The limestones are mostly poorly-sorted grainstones, though 
packstonehorizons are also present. Typically they contain abundant 
ooids and much terrigenous sand (quartz, polyquartz, chert, feldspar). 
Pelletoids mollusc and echinoderm fragments, algae, and secondary 
dolomite rhombs are also common. 
g) Yassiviran Limestone: interpretation 
Ooids and oncolites require movement of sediment for their for-
mation. Nevertheless, in the Yassiviran Limestone they are commonly 
found in packstones, suggesting a low-energy environment without win-
flowing of sediment. This phenomenon is known as textural inversion. 
It is also seen in redeposited calcarenites (Chapter 4), where it is 
due to remobilization and mixing of sediment by turbidity currents. 
The Yassiviran Limestone lacks turbidite sedimentary structures, except 
in the highest and lowest beds. The textural inversion must be due to. 
deposition in relatively sheltered conditions between or adjacent to 
ooid-producing shoals (Wilson, 1975) in ,a platform environment. The 
shoals themselves may have been mobile and had a low preservation poten-
tial, accounting for the relative scarcity of grainstones in the Lime-
stone of sheet A. 
The cross-bedded oolitic grainstones of .sheet B indicate a cur-
rent-swept environment. Deposition on a slight structural and topo- 
graphic high would explain both the predominance of high-energy environ- 
ments and the thinness of the sequence relative to the Limestone of 
sheet A (Figure 6-51. Frequent reworking of sediment in this environ-
ment may account for the persistence of terrigenous material throughout 
the Formation. 
Conglomeratic limestones in the Yassiviran Limestone were depo-
sited in large channels. The exact mechanism of erosion and deposition 
is uncertain. The channels may have been cut either by tidal rip-cur-
rents draining the platform or by headward erosion of slope canyons in 
which sediment gravity flows were active. 
h) Anamas Da 
The AnamasDag massif to the northeast of the Antalya Complex is 
poorly known. Gutnic et al. (1979) describe a section in the lower 
part of the Anamas Dag sequence (Figure 6-5). This has been supple-
mented in this study by reconnaissance in the Sorkun Yayla area and a 
measured section of the upper part of the sequence at Yesilkoy. Figure 
6-5 shows the main lithological units. 
The Kasimlar Shale (Triassic) closely resembles the Sofular 
Formation, comprising mudstones and fine sandstones. The overlying 
Mentee Dolomite shows few primary sedimentary structures, though 
pelleted fabrics and large organic skeletons are locally discernable. 
The Dolomite is not distinguishable from the lower part of the Akpinar 
Tepe Limestone where the two are seen together at GölcUk Tepe (grid 
333877). The overlying Leylek Limestone shows fenestral and laminated 
structures suggesting intertidal or lagoonal environments. The cayir 
Formation (L. Jurassic) comprises yellow siltstone, red sandstone, and 
pisolitic ironstone. It is strongly deformed and may have acted as a 
decollement horizon during Eocene deforamtion (Gutnic, 1977). The 
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Yassiviran Limestone consists of well bedded pelletoidal and oncolitic 
packstones and grainstones identical to those of the Antalya Complex 
Yassiviran Limestone. It is probably overlain by saccharoidal recrys-
tallized dolomitic limestone correlative with the Tepearasi. Dolomite of 
Monod (1977). Higher (:unnamed) parts of the sequence are dominated by 
low energy shallow-water to intertidal fades. Pelagic limestone 
appears in the latest Cretaceous, and is partially re-worked in the 
lower Tertiary. The top of the sequence consists of Eocene calcareous 
sandstone turbidites. 
j) Geometry and evolution of the platform edge 
Figure 6-7 presents a model for facies relationships in the edge 
of the Anamas Dag platform. 
The Late Triassic platform had a steep, reef-dominated margin, 
though localised escape of debris from the interior must have occurred 
to produce calcareous turbidites in the Sofular Formtion (Chapter .4). 
The platform was temporarily swamped by terrigenous debris (çayir For -
mation) in the earliest Jurassic. Platform conditions returned ôvera 
wider area (Yassiviran Limestone) but the reef-rim was not re-estab-
lished, although occasional coral fragments in the Yassiviran Limestone 
may be derived from localised patch-reefs. Instead, the platform edge 
was formed by a structural high covered by a thin sequence of oolitic 
shoals. The relative rarity of oolites in the contemporary Ylilanli 
Formation indicates that carbonate debris from slightly more internal 
•zones must have by-passed the shelf edge zone through localized 
channels or re-entrants in the platform-margin. 
The sudden incoming of radiolarites throughout the marginal zone 
in. the latest Jurassic must indicate a relatively sudden subsidence of 
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the shelf edge to below what was probably a fairly shallow carbonate 
compensation depth. (çCD). Later in the Cretaceous the CCD probably 
became deeper (Garrison and Fischer, 19.69), leading to the replacement 
of radiolarian cherts by pink pelagic limestone in the former shelf-
edge zone (see section 5-5). The margin of the Cretaceous platform lay 
further to the northeast, and is not preserved. Its,-nature can only be 
inferred from redeposited fades in the Gavurcali Tepe and Yilanli For- 
mations, suggesting a generally open margin with local sponge and rudist 
bioherms. 	 . 
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CHAPTER 7 IGNEOUS AND METAMORPHIC ROCKS 
7-1 Introduction 
The igneousrocks of the Antalya Complex are described by Juteau 
(1975) and Juteau et al. (1977), who, on the basis of extensive field, 
microstructural, and geochemical investigations, incorporate the 
scattered and structurally isolated igneous units throughout the Complex 
into a model for oceanic crust generated at a mid-ocean ridge. 
In the light of this thorough study, it was originally intended 
that this investigation would be confined to the less known structural 
and sediiuentological aspects of the Complex. However, in the course 
of mapping a large number of previously undescribed igneous outcrops 
were encountered. In the Aksak slice these were found to be associated 
with schistose metamorphic rocks. It also became clear that there were 
two distinct groups of volcanic rocks: the Bucak Lava and the Havutlu 
Lava Formation. Chemical analysis of a small but representative suite 
of specimens confirmed the drastic contrast between these two groups of 
lavas. 
This chapter gives a brief account of the main characteristics 
of each of the igneous and metamorphic rock units. The Eridir Kizil 
Dag Harzburgite is described in far greater detail by Juteau (1975). 
Section 7-2 gives only .a brief resume, together with a discussion of 
its position and orientation in the ophiolite stratigraphy. The Bucak 
Lava is also described by Juteau. Section 7-3 includes are-interpre-
tation of its tectonic environment. The Havutlu Lava (section 4) and 
its associated metamorphics (section 51 are previously undescribed. 
Juteau (1975) describes a suite of gabbros and pyroxenites from 
outcrops near the north edge of the Dulup -Dag massif. Napping shows 
that the igneous rocks are present in this region only as clasts in the 
conglomerates of the late Cretaceous Göynuk Formation. Large blocks of 
gabbro 9 to 300 m) occur within melange/megabreccia terrain of thrust 
sheet 5. The main rock types. in these areas are listed in Chapter 4 
(section 4-7) and 5 (section 5-6) but the reader is referred to Juteau 
(1975) for more detailed discussion. 
7-2 Eridir Kizil Dag Harzburgite 
The Egridir Kizil Dag Harzburgite outcrops in a single oval area 
of about 50 km 
2 in the southern part of the mapped area (Figure 3-12). 
It is probably a flat-lying lenticular body only slightly wider than the 
present outcrop area, intercalated between thrust sheets 2 and 4 (sheet 
3 is absent from the stack in this region). 
Volumetrically, the vast majority of the massif consists of harz--
burgite, variably serpentinized. The harzburgite consists largely of 
magnesian olivine and subordinate enstatite, with minor reddish brown 
chromite. Occasional chromitite and pyroxenite bodies, and rare dunite 
veins occur within the harzburgite. 
The harzburgite has a porphyroclastic fabric. Large crystals 
of olivine and pyroxene show strained extinction and are immersed in a 
groundmass of the same composition but with reduced grain-size. The 
larger grains define a shape fabric (.schistosity) in some samples. 
Figure 7-la shows a typical example of moderately deformed harzburgite. 
The harzburgite forms a low unit in the ophiolite stratigraphy 




deformed at a mid-ocean ridge. Juteau"s petrofabric analysis shows a 
strong near-horizontal east-west preferred orientation of olivine 100 
directions. This lineation is 'though to approximate to the direction 
of sea-floor spreading (Juteau et al., 1977). Locating the palaeo- 
horizontal within the harzburgite is more difficult. In the upper-, 
mantle harzliurgite of the Oman ophiolite, the plane, containing preferred 
olivine 100 and 001 is parallel to the schistosity (shape fabric) and 
to the layering in the overlying cumulates (J.D; Smewing, personal 
cmmunicat,ion). This layering presumably represents the horizontal. 
However, Juteau et al. (1977) report a systematic difference of 300 
between cumulate layering and harzburgite schistosity in the southwest 
of the Antalya Complex. The schistosity is in turn oblique to the plane 
containing olivine (100) and (001). The relationship between the latter 
and the cumulate layering (presumed to be the best estimate of palaeo-
horizontal) is not clear from the account of Juteau et al. (1977). If 
the correspondance noted in Oman between olivine orientation and palaeo-
horizontal is generally valid, the horizontal in the Kizil Da dips 
steeply northeast., There is no direct e"idence of way-up in the harz-
burgite. In the discussion of the origin and, emplacement of the 
Eridir Kizil Dag Harzburgite (Chapters 8 and 9) it will be assumed to 
be upright. 
7-3. Bucak Lava 
a) Introduction 
The Bucak Lava is confined to a small (2½ km 2 ) area of outcrop 
north of Bucak, in which mafic pillowed and unpillowed lava flows dip 
gently southwest. The lavas areprobably.200-400 m thick. They rest 
on Sofular Formation sandstones and fine-grainéd limestone, and re over- 
lain by massive Triassic Akpinar Tepe. Limestone, with a deformed but 
apparantly normal contact. 
b) EetroiOgy 
The three types of lava described by Juteau (1975) - aphanitic, 
porphyro-labradoritic, and porphyritic-ankaramitic -.may be distinguished 
in the field. All three types occur in pillowed and unpillowed flows, 
And are non-vesicular to strongly amygdaioidal. Lava breccias occur 
rarely within the pile.. 
Aphanitic lavas (Figure 7-1b) have an intergranular to intersertal 
texture of labradorite (strongly zoned) and augite inicrolites with a 
variable amount of interstitial brown altered glass (celadonite), and 
abundant mainly aciculár opaques (ilmenite?). Rare labradorite and 
augite phenocrysts and microphenocrysts occur in clusters. Abundant 
calcite is usually present, both in amygdales and in the groundmass, 
probably replacing glass. Most feldspars are partially zeolitized. 
Plagioclase-phyric ( t'porphyro-labradoritic") lavas are distin-
guished by the presence of abundant zoned labradorite phenocrysts up to 
1 cm long (Figure 7-1c) and rare but sometimes large (5 mm) augite 
phenocrysts. Phenocrysts again occur in clusters, sometimes intergrown. 
The groundmass is similar to the aphanitic lavas, but may show a poorly 
defined trachytic texture. Some lavas with labradorite phenocrysts are 
more evolved than basalt. They are inugearites with a trachytic ground-
mass containing sodic plágioclase (andesine to oligoclase), and only 
minor pyroxene concentrated in certain areas. 	 - 
Porphyritic anakaramitic lavas (Figure 7-1d) are characterized 
by high concentrations of spectacular large (to 1 cm) euhedral zoned 
phenocrysts of augite. Labradorite phenocrysts, and euhedral calcite 
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pseudomorphs, probably after olivine, are less abundant. Phenocrysts 
often occur in clusters, sometimes showing poikilitic plagioclase en-
closing augite. The groundmass is intersertal to glassy, and may be 
highly vesicular. Amygdale minerals include chlorite, celadonite, 
brown "palagonite", zeolites, and calcite. 
Lavas comparable to those at Bucak occur within the Sofuar For-
mation near Yenice (grid 305846). The single flow is 1-2 m thick but 
poorly exposed. It has a conglomeratic upper surface. It resembles the 
aphanitic Bucak Lavas, but is somewhat coarser-grained and contains 
large amounts of green spherulitic chlorite or smectite, probably re-
placing glass. Other outcrops occur within mlange/megabreccia terrain, 
particularly near Sipahiler (grid 234719). These are pillowed vesicular 
lavas with intersertal texture and rare plagioclase phenocrysts. Exten-
sive secondary zeolite and calcite replacement is seen. 
c) Chemistry 
Eight samples of Bucak Lava (five from the main massif and three 
from isolated melange/megabreccia outcrops) were analysed by X-ray 
fluorescence for major and trace elements, to complement the data of 
Juteau (1975) which covers only a limited set of trace elements. Ana-
lytical results and CIPW norm... are given in Appendix 4. Samples from 
melange are all altered, giving loss of ignition of 9-12%, probably 
mainly due to secondary calcite. 
Seven of the sanples are basaltic, containing 43 to 50% silica. 
The eighth, a trachytic-textured mugearite, has 59% silica. The 
basalts contain abundant normative nepheline and plot well within the 
field of alkali basalt on an alkali/silica plot (Figure 7-3). Some 
degree of spilitization issuggested, however, by high Na/K ratios and 
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the' wide range of normative plagioclase compositions (An 3269 ,for the 
main, outcrop; An 28-46 
 for melange samples), confirming Juteau's (1975) 
conclusion that there has been secondary uptake 'of sodium in many 
cases. Nevertheless, the pyroxene compositions determined byJuteau 
(1 975) lie well within the field of alkali basalt pyroxenes. 
The lavas are rich, in incompatible trace elements such as zir-
conium, yttrium, and rare earths. On a plot of the allegedly stable 
elements Ti, Y, and Zr '(Pearce and Cann, 1973), they cluster in the 
field of within-plate basalts (Figure 7-4). The mugearite sample has 
a more fractionated composition near the Zr pole. The 'low Y/Nb ratios 
are comparable with those of present-day alkali basalts, and much lower 
than those of tholeiitic rocks. 
d) Discussion 
These results confirm the conclusions of Juteau (1975) that the 
Triassic lavas of the Antalya Complex (originally considered to be part 
of the Ahtalya "ophiolite") are not comparable with modern mid-ocean 
ridge basalts. Juteau postulated an ocean island setting for the lavas, 
post-dating the other rocks of the ophiolite (harzburgite, cumulates, 
dolerite) which represent ancient ocean floor. This hypothesis is no 
longer tenable in the light of Cretaceous radiometric dates obtained 
from the plutonic part of the ophiolite in the SW segment of the Complex 
(Thiuzat and Montigny, 1979). 
Alkali basalts in continental settings, particularly from environ-
ments of rifting, are not systematically distinguishable from ocean 
is'land .basalts on the basis of major element chemistry (Carmichael et 
al.,,1974) or trace elements (Pearce and Cann, 1973). The Bucák lavas 
may therefore beregarded.as continental to marginal oceanic, 
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rift-related volcanics, a hypothesis consistent with the depositional 
environments of the associated sediments (Chapters 4, 6, and 8), and 
S.. with sedimentary evidence for Triassic active faulting elsewhere in 
the Complex (Delaune-'Mayere et al., 1976). 
Analogous. alkali. basalts of Triassic age are widespread in. the 
Tethyan region. In SW Cyprus, the Phasoula Lavas of the Mamonia Corn-
plex are overlain by Jurassic .to Cretaceous pelagic sediments, and are 
tectonically juxtaposed with . t.he Cretaceous .Troodos ophiolite (Swar-
brick, 1980). Smith et al. (1975) describe Triassic alkali basalts in 
a continental margin setting in central Gre ace. Further east, similar 
lavas are known in eastern Turkey (Delaune-Mayere etal., .1976) and 
Oman (Searle et al., 1980). 
7-4 .,Havutlu Lava Formation 
Introduction 
The Havutlu Lavas occur in a number of slices, mostly in m1ange/ 
megabreccia terrains. They. are distinguished from the Bucak Lavas.by 
their greenish colour, aphanitic texture, and lack of vesicles, and 
also.. Ibyl.their sedimentary cover and intercalations of red radiolarite 
1. 
and pink fine-grained limestones. They are. often somewhat-deformed,-and 
in the Aksak slice show localised greenschist-facies dynamothermal meta-
morphism (section d,below).'Pillows-are only rarely visible, though 
in some cases this may be the result of deformation. Sediments are often 
ponded in irregular hollows in lava surfaces.. 
Petrology 
In spite.of their uniform field appearance,. the Havutlu lavas 
are petrográphically varied. Lava from the type section is extremely 
fine-grained, granular to sub-ophitic,' consisting of plagioclase 
(andesine) and sub- alcic augite and opaques with only traces of inter-
stitial glass. Elsewhere in the type area, coarser-grained subophitic 
to variolitic lava occurs (Figure 7-5a). This consists of augite and 
plagioclase, mostly in radiating sheaves, with opaques, glass, and very 
rare hypersthene. Outside the type area, porphyritic lavas are found. 
Figure 7-5b shows pseudomorphed olivine phenocrysts in a matrix of 
devitrif led glass with microlites of altered feldspar and clinopyroxene. 
A single augite phenocryst was seen in a sample from northwest of 
Havu'tlu (grid 214890). Most samples show signs of secondary alteration. 
Plagioclase is zeolitized and has sodic compositions (andesine to oligo-. 
clase) even in phenocrysts, suggesting that the lavas have been spill-
tized. Lavas from the Akâak slice are particularly altered. Basalt is 
cut by veins of blue-green chlorite or smectite, calcite, prehnite,' and 
zeolite. 
c) Chemistry 
Analyses of a. limited sample of six Havutlu lavas are given in 
Appendix 4. Three samples are from within and near the type area 
(Chapter 2), one is altered lava from Aksak, and two are deformed and 
metamorphosed lavas also from the Aksak slice (the petrology of the 
metamorphic rocks is described in section 5, below). 
The lavas have, silica contents ranging from 43 to 52% and alumina 
from 13 to 15.5%. Titanium contents (0.5-1.7% Ti0 2) are much lower than 
those of the Bucak Lavas (.2.9-4.4%). On an alkali/silica plot (Figure 
7-3) they.straddle the. alkalic/tholeiitic divide. However, their'vari-
able sodium contents (1.1-4.9% Na 20.) and high. Na/K ratios confirm the 
petrographic .evidence of spilitization. High loss of ignition (up to 
9%) also casts doubt on the meaningfulness of the major 'element composi- 
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tions. 
Trace element compositions contrast strikingly with those of 
the Bucak Lavas, confirming the distinction established on the basis of 
field appearance.. 'Incompatible element concentrations are low, and the 
Y/Nb ratio high suggesting a thôleiitic original composition (Pearce 
and Cann, 1973). On a Ti-Y-Zr plot (Figure 7-4), the samples fall in a 
tight cluster, with one exception -. a possibly picritic highly altered 
basalt with exceptionally low concentrations of the critical elements. 
The Ti/Zr plot (Figure 7-4) indicates a composition similar to present-
day ocean-floor-basalt (Pearce and Cann, 1973). Surprisingly, in view 
of the degree'of alteration of the lavas, the similarity with ocean-
floor basalt is confirmed in the Ti-Zr-Sr plot. 
d) Discussion 
In spite of the inadequately small suite of six samples, the good 
clustering of the supposedly stable trace element data lends credence to 
the interpretation of the Havutlu Lavas as ocean-floor tholeiltic basalt. 
An oceanic environment is also consistent with the facies shown by the 
interbedded and overlying sediments (section 5-4). 
The incompatibility between the plutonic rocks of the Antalya 
Complex ophiolite (southwest of Antalya) and the associated thoroughly 
alkalic basalts (such as the Bucak Lava in the area of this study and 
the lavas of the Godene zone in the southwest segment of the Complex) 
was discovered by Juteau (1975), who concluded that the two suites could 
not be co-magmatic. Havutlu "ocean-floor" basalts represent a much more 
likely candidate for the missing upper levels of the Antalya ophiolite, 
the basal part of which is represented inthe area studied by the 
Eridir Kizil Dag Harzburgite. 
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This conclusion is supported by the Upper Jurassic to Lower 
Cretaceous age for the Havutlu Lava, given by Radiolaria in the associ-
ated sediments (identified by E.A. Pessagno). This is somewhat older 
than the Cretaceoüs radiometric age of the ophiolite proper (Thiuzat 
and Montigny, 1979), but much later than the Bucak Lavas and other lavas 
in the Complex, all of which are dated as Triassic. 
7-5 Metamorphic rocks 
a) Introduction 
Metamorphic rocks outcrop in two small (0.5 km 
2) 
 areas south of 
Aksak, constituting less than 0.02% of the mapped areas. Metamorphism 
affects only lavas and sediments of the Havut'lu Lava Formation. Several 
stages of progressive deformation and metamorphism are seen. Some lavas 
show only a spaced (0.5-2 cm) cleavage. As the 'cleavage surfaces become 
closer and more lustrous, interbeds of limestone show strong linear 
fabric, due to numerous parallel fold hinges. A parallel lineation is 
visible on the lava cleavage surfaces. In the most deformed outcrops, 
lavas are represnted by friable green chlorite schists with a strong 
foliation containing a mineral lineation. The accompanying limestones 
are finely fissile and accompanying cherts are metamorphosed to purple 
and brown quartz-mica-schists. Sedimentary layering is reduced from an 
original 2-5 cm to 1-2 mm, and is parallel to foliation. Foliation is 
locally deformed by kink bands, but well developed crenulation cleavage 
is seen at only one locality. 
The orientation of foliation, lineation, and kink bands varies 
between :outcrops, presumably as a result of later folding. 
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b) Petrology 
In thin section, the less deformed lavas of the Aksak slice are 
•seen to be highly'altered.,' hut show no penetrative deformational fabric. 
The original ign2.ous fahric is clear. 
More highly deformed lavas show a penetrative foliation defined 
by parallel orientation of green chlorite flakes. Fine-grained (.05-
.005 mm) epidote, actinolite, quartz, calcite and opaques are also 
present. Rare clusters of larger (0.1 mm) epidote crystals possibly 
pseudomorph original lava phenocrysts. Thin layers composed largely 
of calcite occur, parallel to foliation. The most highly metamorphosed 
specimens (Figure 7-5c) contain an assemblage of green amphibole (actin-
olite or actinolitic hornblende), pidote, quartz, plagioclase (probably 
oligoclase) and chlorite. Rutile 'is an important accessory, occurring 
in small prismatic crystals. 'The grain-size is coarser than in the 
less deformed rocks, but still too fine to permit reliable optical 
determination of plagioclase composition. 
Metamorphosed siliceous and pelitic sediments (Figure 7-3d) con-
tain abundant quartz, muscovite., chlorite, plagioclase (oligoclase), 
and opaques. Piemontite (a manganiferous epidote) and apatite occur 
locally. Muscovite-rich bands in the most deformed rocks contain fine-
grained (.01-. 02 mm) quartz showing strongly preferred crystallographic 
orientation. Purer quartzitic bands show a texture of coarse (.1-1 mm) 
quartz which has undergone extensive strain and recrystallized into 
equant sub-'grains of polygonal section. Some such quartz-rich domains 
form lenticular augen. The foliation locally shows later crenulation, 
with some recrystallisation of muscovite parallel to' the later fabric. 
Metamorphosed limestones have a simple mineralogy of elongated 





centrated in bands which may represent original secondary chert 
Traces of sericite mica also occur. 
c) Origin 
Occurrences of ophiolite-associated metamorphic 
rocks in the Tethyan realm are reviewed by Woodcock and Robertson 
(1977b). Individual examples from the Taurides are described by 
Juteau (1975), Monod (1977a) and Robertson and Woodcock (in press). 
The calculations of Swarbrick (1979) for examples in SW Cyprus, are here 
followed in the discussion of the role of shear heating (below). 
The most highly metamorphosed of the examples described above 
contain oligoclase in association with chlorite.and muscovite, indicating 
temperatures closeto the upper limit of ,greenschist facies conditions. 




Field and petrdgraphic observations indicate that.the schists 
• were formed by progressive metamorphism of the Aksak lava-sediment 
sequence (assigned to the HavutluLava Formation), and that metamorphism 
was areally restricted. Elsewhere, the presence of prehnite indicates 
.that temperatures were not above 400°C. The occurrences of zeolites 
• . implies a probably maximum of around 300 °C (Winkler, 1974). However, 
the less-deformed lavas do not show an equilibrium assemblage. These 
estimates must therefore be treated with caution. 
'A .localised heat source must be invoked to explain the metamor -
phism. The following posibi1ities may be considered: 
1) 	Heat fromanigneouS intrusion 	 . 
ii) Heat derived from a hot, but solid, mass of rock, brought 
.into contact with the lavas by thrust or transcurrent 
faulting 	 . 	. . 
iii) Shear heating resulting from the conversion of 
mechanical energy to heat during deformation. 
Sources (1) and (ii). are difficult to relate to observed field rela-
tions, since both the main metamorphic outcrops are apparently sur-
rounded by unmetamorphosed lavas. Nevertheless, the extent of faulting 
within the slice is poorly known. Both bodies of metamorphic rock 
could at some time have lain adjacent to a body of hot rock (such as 
the Kizil Dag peridotite). 
Shear heating has been claimed as an important source of heat 
in metamorphism associated with low-angle thrusts (Graham and England, 
1976) and high-angle faults (Lawrence, 1978). Swarbrick (1979) 
examines the case of metamorphosed basalts and sediments in S.W. Cyprus, 
and concludes that shear heating is a possible source of heat for Cyprus 
metamorphicsoccurring in a zone up to .1 km wide, provided that a shear 
stress of around 1 kb can be sustained in basalt at a temperature of 
500°C. It is necessary, however, to postulate that the width of the 
zone is reduced (from a calculated width of 4 km) by shearing and/or the 
buffering effect of solutions in the wall rock. 
The time text taken for the temperature at distance (d) from the 
source of heating to reach one third of the temperature at the source 
is given by: 
test = d 2/K 	(Swarbrick;. 1979: p. 202). 
where K is the diffusivity. of the medium, .taken at 0.009 cm 
2 
 sec-1  
(Graham and England, 1976). The narrow zone of metamorphism observed in 
the Aksak slice (50 m approximately for the southern, less faulted out-
crop) Implies a shorter period of heating 100 yrs. approximately, com-
pared with 0.4-10 Ma for the Cyprus examples). Swarbrickgraphs the 
M." 
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the relation between stress and duration of movement for various strain 
rates, and a temperature rise of 300
0C. To achieve this temperature 
rise in 100 years would require an unreasonably high shear stress 
("-60 kb) or strain rate ('6 m yr.) 	A temperature rise of only 
1000 (a minimum value for the Aksak metamorphics) still requires a 
shear stress of approximately 7 k or a strain rate of the order of 
70 cm yr. -1 
 
Thus, although the field evidence suggests shear heating, this 
mechanism alone cannot explain the apparent steep thermal gradient 
observed. - Subsequent tectonic thinning could account for the observed 
gradient, as postulated by Spray and Williams (1980) for the Ballantrae 
(Scotland) metamorphics. Otherwise an additional or alternative loca-
lized heat source must be postulated. 
7-6 Conclusions 
Two groups of igneous groups are represented in the northeastern 
segment of the Antalya Complex. The first is a suite of alkali basalts 
and occasional more differentiated alkali lavas (Bucak Lava, etc.) 
extruded in relatively shallow water in Triassic time. They are com- 
parable - with extensive lavas in the southwestern part of the Complex, 	- 
and were probably extruded in a continental or transitional environment 
of active extensional faulting. 
All other igneous rocks arefragnientsof an ophiolite suite as 
defined by the Penrose Conerence on Ophiolites (Anon., 1972), repre-
senting late Jurassic to early Cretaceous oceanic crust. Only the 
lowest (upper mantle harzburgite) and highest (ocean-floor lava) parts 
of the ophiolite occur within the area studied, although the interme- 
diate layers (ultramaf ic and gabbroic cumJlates, .dolerites, etc.) in, a 
standard 'ophiolite strati.graphy- are present as clasts in the late Cre-
taceous. Coynük Formation, and as-larger slices elsewhere in- the. Complex 
(Juteau, 1975). Preserving the top and bottom of - an ophiolite while 
eroding the middle obviously presents problems! .It is likely that the 
Havutlu Lava represents a different part of the ophiolitic- domain from 
the Eridir Kizil Dag Harzhurgite, but the original position of the 
various slices is not well constrained by the available structural data. 
The problem of the original position and extent of oceanic crustal - 
material is further discussed in Chapters 8 and 9. 
The origin of the dynamothermal metamorphic rocks of the-Aksak 
slice reamins uncertain. The metamorphism is confined to Havutlu Lavas 
and associated sediments, although -deformation may alo.overprint the 
primary tectonite fabric of the Kizil Dag Harzburgite in which -Juteau 
(1975) recordslocalized zones of more intense deforamtion. The defor- 
"-mation and metamorphism probably occurred entirely within the oceanic 
domain,- either during sea-floor spreading, or. during -early stages of 
compressional deformation,"but before the emplacement of the,Aksak,,slice 
into its present tectonic environment. , 	 - 
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CHAPTER 8 PALAEOGEOGRAPHY AND TECTONIC EVOLUTION OF THE NORTHEAST 
ANT.ALA COMPLEX 
8-1 Introduction 
In this chapter, an attempt is made to draw together and inter-
pret the data presented in Chapters 3 to 7. The evolutionary model 
presented is applicable only to the northeastern part of the Antalya 
Complex and the immediately surrounding areas (Anamas Da, Karàcahisar 
massif, Davras Da, etc.; see Figure 8-1), though data from other parts 
of the Isparta angle will be used where necessary to complete the 
palae.ogeographic picture. The relationship of the studied area to other 
parts of the Antalya Complex and to southwest Turkey as a whole will be 
discussed in Chapter 9. 
Sections 2 to 4 of this Chapter consider the fundamental ques-
tions raised in Chapter 1, concerning the original position and arrange-
ment of the rock units studied, and the nature of the basement on which 
they were laid down. The succeeding sections give a summary of the 
evolution of the northeastern Antalya Complex from Triassic to present. 
The final section considers relationships between rifting, ocean-floor 
spreading, and subsidence, in the light of data from present-day conti-
nental margins. 
8-2.. Original locations:. north or south? 
a) Previous work 
Early workers in the Antalya Complex (e.g. Ortynski, 1941; 
Blumenthal, 1963) considered the igneous rocks, radiolarites and other 
thin-bedded sediments to be essentially autochthonous. Levfvre(1967) 
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working to the 'southwest of Antalya, first identified the Complex (or 
"Antalya Nappes") as a group of thrust sheets. Initially, it was 
assumed that the Complex was a series of tectonic klippen related to 
other major ophiolitic thrust sheets (Lycian Nappes, Beyehir-Hoyran-
Hadim Nappes) in southwest Turkey, translated southwards over autoch-
thonous carbonate platform units during the Tertiary (Figure 8-2),. 
Subsequence stratigraphic investigation of the platform units 
(Brunn et al., 1970, 1971) demonstrated the impossibility of this 
simple "internalist" hypothesis, on the grounds that the platform 
sequences to the north of the Complex show continuous carbonate sedi-
mentation until Eocene, whereas parts of the Complex are known to have 
been emplaced in late Cretaceous or earliest Tertiary times. In the 
light of this evidence, Dumont et al. (1972a, b) postulated that the 
Complex originated in an "external" position to the south of the autoch-
thonous carbonate platform. They defined a "Pamphyllian Basin" between 
the platform and the African continent (Figure 8-3)', separate from the 
main Tethys Ocean. 
The "internalist" option was resurrected by Ricou et al. (1974, 
1975, 1979) and Ricou and Marcoux (1980), who proposed a two-stage 
thrust emplacement as shown diagrammatically in Figure 8-4. A corollary 
of this hypothesis is that considerable portions of the Tauride platform, 
hitherto regarded as autochthonous or parautochthonous, have to be re-
garded as far-travelled allochthonous sheets. 'The internalist hypo-
theses of Monod (1976), Dumont (1976b), and Dumont et al. (1980) are 
broadly similar, but rely on complex east-west strike-slip movements to 
bring the Complex into its position south of the Eocene platform 
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(Figure 8-5). 
Strike-slip faulting is also recorded by Dumont and Kerey 19]5) 
and Woodcock and Robertson (in press). The faults identified by Wood-
cock and Robertson in the southwestern part of the Antalya Complex. are 
orientated roughly north-south. and are believed to have played a domi-
nant role in the emplacement of the Complex, which in their view origi-
nally lay close to its present "external" (southerly) position adjacent 
to part of the Tauride platform (Figure 8-6). 
b) Evidence for southern origin.: this stud 
Structural work in this study (chapter 3) indicates a dominance 
of thrust tectonics in the northeast Antalya Complex, and yields a 
relatively unequivocal answer to the . "north or south" question. The 
following evidence is decisive: 
1) 	The relationship of first-order and second-order thrusts 
in thrust sheets of duplex-type indicates broadly north-
eastward thrusting. Where a south-directed thrust event 
is seen, it is always later than the early north-directed 
structures. 
Fold asymmetries are variable, but when two distinct 
phases can be recognized (e.g. Figure 3-3), the early 
event shows a sense of asymmetry consistent with north-
ward thrusting. 
Fades in thrust sheets A and.B (northeastern edge of the 
Complex) show strong analogies with those on the southern 
margin of the adjacent Tauride platform (Anamas Da), 
which. was nonetheless not involved in thrusting until 
Eocene. In particular, the Lower Jurassic yellow silt-
stones and reddish sandy limestones of the Antalya Complex 
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Yassiviran Limestone (see sections 2-2f and 6-4f) closely 
resemble those of the adjacent Anamas DaE platform sequence 
(Figure 6-5). They contrast with contemporary-facies on 
the northern edge of the platform, where the Lower Jurassic 
is either missing or is represented by coarse conglomerates 
(Monod, 1977; bzgUl, 1976). Later, the Upper Cretaceous 
pink pelagic limestones of the Complex (section 5-5) are 
identical to those in the Barla Dag massif west of Lake 
Eridir (Gutnic, 1977), again thought to represent a 
southern, marginal part of the Anamas Dag platform. 
c) Evidence for southern origin: other areas 
Outside the area-of this study, the following additional lines 
of evidence favour the hypothesis of southern (external) •origin: 
1) 	West of Lake Eridir, at Kalakan on the southern edge 
of the Barla Dag massif, the Antalya Complex is overlain 
unconformably by Eocene limestone, deposited shortly 
before the Eocene nappe displacements. The limestone over-
lies units of contrasting mechanical properties within 
the Complex (melange and massive limestones), yet the 
unconformity surface is undeformed. Gutnic (1977) there-
fore-argues that. the Complex in this region cannot have 
suffered a major translation in the Eocene event, as is. 
required by the Ricou.etal. (1979) hypothesis. 
/ 	ii) 	Structural studies in the SW segment of the Complex 
(Woodcock and Robertson, 1977, in press) show evidence 
of simple westward thrusting and imbrication against 
the, margin of the Bey Daglari platform (Figure 8-6). 
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The polarity of facies within the imbricated sediments 
(Robertson and Woodcock, in press, a, b, c) confirms 
this interpretation. 
Sequences above platform limestone in the autochthonous 
western Bey Dalarl massif, southwest of Antalya 
(Figure 1-2), show a continuous sedimentary sequence up 
to Upper Miocene, with sediment transport from the east 
(Hayward and Robertson, in press). The Antalya Complex 
and the Bey Dalari limestones west of Antalya show an 
unconformable sedimentary cover of Middle to Upper 
Miocene age (Poisson, 1977). The Complex cannot there-
fore have been emplaced over the western Bey Da1ari 
during the Middle Miocene as required by the internalist 
hypothesis of Ricou et al. (1979). 
Marginal parts of the Tauride platform to the northeast 
of the Antalya Complex south of Akseki (Figure 1-2) con-
tain detritus derived from the Complex in the Cretaceous 
and Paláeocene, whereas platform sedimentation to the 
north continued until Eocene (Monod, 1977a). For con-
sistency with the internalist hypothesis of Ricou et al. 
(1979), the sequences with Cretaceous and Palaeocene 
detrital sediments have to be regarded as allochthonous. 
Nonod (1977a) shows that this leads to a complicated and 
unlikely reconstruction of facies relationships in the 
underlying Mesozoic and Palaeozoic sequences. 
In summary, all the availalile evidence points to an original location 
for the Antalya Complex hroadly to the south. of the major platform 
:.unitsof the-western Taurides, as envisaged byDumont et al. ()-.972a, b). 
8-3 How many platforms? 
Introduction 
Many controversies in the interpretation of the Alpine Mediter -
ranean region as a.whole, and S.W. Turkey in partiçular, result from 
the uniformity of shallow-water carbonate platform fades throughout 
the Mesozoic Tethys. It is of ten unclear whether the platform units 
present in a particular area are to be regarded as separate palaeogeo-
graphic entities or-as tectonic fragments of a single continuous plat- 
form. This problem is well illustrated in the area of this study, where 
no less than seven distinct major tectonic units show platform facies 
during the Mesozoic (Figures 3-12 and 3-13). The units are: 
Antalya Complex: thrust sheet 1 






thrust sheet A 
TI 	 II 
	
thrust sheet B 
Anamas Dag massif 
Karacahisar massi f 
Southern and central mapped areas: sheets 1 and 3 
The first two of these platform units were mapped as "Upper - 
Antalya Nappe" by Brunn et al. (1971). They are shown in cross section 
in Figure. 3-11. The relatively simple structure of the area in which 
they occur suggests that the thrust sheets may be unstacked to produce 
the reconstruction shown in Figure 3-25a, with two separate platforms 
separated by a basin. The close petrographic link between the platform 
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limestones of sheet 1 and the redeposited fades of sheet 2 (section 
4-6f) supports this reconstruction, rather than the alternative shown 
in Figure 3-25c, with one continuous platform. However,, outside the 
line of the cross section shown in Figure 3-25a, the two platforms may 
have been connected. The restricted extent of thrust, sheet 2, which 
seems to pinch out both eastwards and westwards, suggests a basinal em-
bayment in a single platform area. This hypothesis is tentatively 
adopted in the reconstructed palaeogeography shown in Figure 8-7. 
c) Northeastern mapped area: Relationship of çaykoy unit to Anamas 'Dag 
massif 
The caykoy unit (Figure 3-13, 8-1) was regarded by Brunn et al. 
(1971) as autochthonous, appearing in a tectonic window through the 
Antalya Complex, and continuous both with the Davras Dag'to the south-
west (Figure 8-1) and with the Anamas Dag to the northeast. The lime-
stones of the çaykoy unit (section 6-4) are indeed closely similar to 
those exposed at Eridir and Findos, assigned to the Davras Dag massif 
(Gutnic, 1977). ' Both units are cut by a series of roughly SW-NE high-
angle faults predating the emplacement of the overlying thrust sheets 
(Gutnic et al., 1979). Continuity between the caykoy unit and the Davras 
Dag massif can therefore be accepted. 
In contrast, the Anamas Dag massif to the northeast of the Complex 
(section 6-5) differs somewhat in fades from the caykoy Unit. The 
various units of platform edge facies along the southern edge of the 
Anamas Dag massif appear to show a transition to the basinal Antalya 
Complex fades. These units, which, include thrust sheetsA and B in the 
area mapped, and the Barla Dag to the west (Gutnic, 19J7), become ex-
tremely difficult to place in a palinspastic reconstruction, if the 




area, with the Mamas Dag massif. it is therefore necessary to postu-
late that the caykoy unit-lay between two basinal areas, as shown in 
.Figure 8-7. Reconnaissancernapping in this study near Bayboan (grid 
172920) supports this hypothesis, as the çaykoy- unit appears to he 
thrust over the basjnal sediments to the northeast. Gutnic (1977) shows 
a similar -relationship for the, continuation of the unit to- the west of 
Lake Eridir. 
A- corollary of this interpretation is that the çaykoy unit -and 
the Davras Dag massif are more logically classified as part of the 
Antalya Complex than as units of the Tauride platform. 
Kar-acahisar massif 
The Karacahisar massif (Figure 8-1), mapped by Dumont (1976a), 
extends-into the extreme south of the mapped area, where it is in high-
angle fault contact i4th-the Antàlya Complex. At Eekini Dere-, east of 
the area mapped- in this st-udy,Durnont (1976a) records Antalya Complex 
radiolarites thrust onto Cretaceous limestones of the massif. Dumont 
regards the -massif as part of the Tauride platform, continuous with the 
- 	Anamas Da. - Nevertheless, a small slice of redeposited and cherty lime- 
stones (Serie de Camova) is described by Dumont tectonically between the 
Karacahisar and Anamas -Dan platform massifs. This raises the possibility 
that the two platforms may have been separated by a basinal area, which 
would -neatly explain-the absence of early Jurassic sandy fades (cayir 
-Formation) from the Karacahisar massif, the stratigraphy of which is - 
otherwise comparable to the AnarnasDa (Gutnic et al., 1979). 	 - - 
Conclusion 
Figure 8-1 shows all these units, with their correlations in 
adjacent-areas. -Figure 8-7 schematically- shows their inferred palm- 
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spastic positions. This map forms. the basis for palaeogeographic maps 
shown in Figures 8-8 to 8-9. Informal zonal names are given to each 
platform area and to the intervening basins. The map assumes minimum 
amounts of shortening consistent with the observed structural configur-
ation and fades distribution. Both the basins and platforms may jn 
fact have had a much greater width in a NE-SW direction. 
Basement.: continental or oceanic? 
Introduction 
Most tectonic units in the area outlined contain neither pre-
Mesozoic continental basement nor ocean-floor material. The Mesozoic 
sediments underwent complete dcollement from their original substratum. 
Dcollement usually occurred within the Triassic sandstones and mud-
stones of. the Sofular Formation (Figure 3-16). Exceptions to this 
general rule occur in thrust sheet 1, where small amount of Permian Lime-
stone are seen (section 2-3), and in the ophiolitic.units described in 
Chapter 7. 
Ophiolitic basement rocks 
The Kizil Daharzburgite massif contrasts with all other tec-
tonic units in the area studied. The harzburgite is inferred to origi-
nate deep within oceanic basement (Juteau, 1975), and - is completely 
devoid of its original cover sequence. For this reason, and to explain 
the ophiolite-derived detritus in thrust sheet 2 (Goynük Formation), 
themassif is believed to.-have beenemnplaced by a somewhat different 	 - 
:mechanism from the other late Cretaceous thrust sheets, as shown in 
Figure 3-25b. It is inferredoriginally to have lain to the south of 
all the othermnàin unitsshownin Figure 8-7. 
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The late Jurassic or early Cretaceous Havutlu Lavas are chem-
ically similar to ocean-floor basalts (Figure 7-4). They occur as tec-
tonic slices adjacent to the KizU Dag harzburgite massif and in 
melàngefmegab.reccia terrain in the northeastern mapped area. In no 
case are the lavas seen in regularly imbricated thrust sheets analogous 
to those consisting of the Yilanli and Sofular Formations. This sug-
gests an emplacement by uplift and sliding as postulated for the Kizil 
Dag massif. The original position of the lavas was therefore probably 
also to the south, of the Dulup platform. It is nevertheless possible 
that some Havutlu Lavas of ocean-floor type could have been extruded in 
either the northern or southern basin of Figure 8-7. 
c) Basement of other units 
With the exception of oceanic sediments deposited on the Havutlu 
lavas, most sedimentary sequences in the area studied extend down into 
the Triassic. The sedinientology of fine-grained sediments in the basinal 
/ 
sequences suggests subsidence to relatively great depths (3-5 km ?) . by 
the late Cretaceous. If isostatic equilibrium was maintained, this im-
plies a relatively small crustal thickness (D'Argenio and Alvarez, 1980). 
However, there is no direct evidence from the northeast Antalya Complex 
to indicate whether the crust was of continental or oceanic type. 
The Bucak Lavas (Chapter 7) of Triassic age are titanium-rich 
alkali basalts analogous to those of present-day mid-plate settings, 
including both oceanic islands and extensional environments of oceanic 
- rifting. There is much sedimentary and stratigraphic evidence to mdi-
cate rifting at this time (section .4-4, 6-5). ' Thinning of continental 
basement occurred during the rifting stage in -the evolution of the At-
lantic Ocean by rotation and subsidence of crustal blocks along listrc 
normal faults (Charpal et al., 1978). It is therefore likely that most 
sequences in the area studied were originally floored by thinned conti-
nental crust, although. it is possihle that some transitional or oceanic 	- 
crust was produced in the Late Triassic. 
In the southwestern part of the Antalya Complex (Figure 9-3), 
much greater volumes of Triassic Lava underlie basinal sediments of 
the Gödene Zone (Robertson and Woodcock, in press c). Here the lavas 
are cut by vertical screens of serpentinite introduced during later 
strike-slip faulting. The screens include gabbros and dolerites, sug-
gesting that the lavas are here underlain by basement of oceanic type. 
However, the pyroxene analyses of Juteau.(1975) appear to indicate that 
there can be no petrogenetic link between the predominantly alkali 
basalt lavas and the blocks of tholeiiticgabbro within the screens, 
which are chemically more similar to the intrusive rocks of the Tekirova 
ophiolite complex (Figure 9-3). In spite of this anomaly, the complete 
absence of identifiable fragments of continental basement in the Gödene 
Zone strongly suggests that it represents Triassic oceanic crust. 
8-5 Geological history: Triassic 
a) Terrigenous sedimentation 
The oldest Mesozoic rocks of the Antalya Complex are (?Middle to 
Upper) Triassic mudstones and sandstones of the lower part of the Sofular 
Formation. The sandstones were deposited mainly by turbidity currents, 
probably on a sea-floor of complex topography. The distinction between 
the future basin and platform zones (Figure 8-8a) was poorly developed 
at this stage. Adjacent parts of the Anamas Dag and Karacahisar regions 
(Dumont, l976) show up to 1500 m of very similar facies (Kasimlar shales) 
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locally covering a thick (1000 ni) Middle Triassic reef complex (Dipoy-
raz limestone and dolomite).. In contrast, central parts of the Anamas 
Dag region show a major post-Lower Triassic unconformity. They were 
probably relatively uplifted areas undergoing erosion at this time. 
b) Establishment of carbonate platform 
Higher parts of the Sofular Formation contain abundant fine and 
coarse-grained redeposited limestones, reflecting the establishment in 
the Upper Triassic (Norian stage) of the Anamas Dag and Karacahisar 
carbonate platforms (Figure 8-:Bb). The Dulup platform was also pro-
bably established around this time. The location of the platforms was 
almost certainly tectonically controlled, as indicated by the relative 
uplift of Permian basement under the Dulup platform, and the later 
history of fault movement along the margin of the Anamas Dag platform. 
At least locally, the Anamas Dag platform was fringed by reefs 
(Akpinar Tepe Limestone) which overlay alkali basalt volcanics (Bucak 
Lava). Debris from the Anamas Da platform was redeposited by turbidity 
currents and other mechanisms of sediment gravity flow into the Sofular 
Formation (Figure 8-3b). 
The Dulup platform was dominated by inter-tidal algal facies 
(Kovada Dolomite) at this time. Fine-grained carbonates were redeposited 
from suspension into adjacent parts of the Sofular Formation as fine-
grained Halobia-bearing limestones (Akdoan Member) in topographically 
high regions not reached by sand turbidites. The Dulup platform expanded 
into some such regions following establishment of reefs during the Late 
Jurassic (Hudulca platform). 
Broadly analogous fades and palaeogeographica.l development is 
seen in the Triassic of many parts of the Alpine Mediterranean system. 
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Most notable are the carbonates of the Italian Dolomites (Bosellini and 
Rossi, 1974). and the Northern Calcareous Alps of Austria (Zankl, 1967). 
In both areas a complex geography of platforms surrounded by basinal 
areas of pelagic sedimentation was established in the Upper Triassic. 
c) Discussion: evidence for Triassic rifting 
The Upper Triassic interval is marked by rapid deposition (up to 
roughly 1 km of sediment seen in the Sofular Formation), probably con-. 
trolled by a high rate of subsidence. The exact subsidence in the 
Antalya Complex cannot be measured, as the precise depth of deposition 
in unknown, but the adjacent Karacahisar region, where platform facies 
occur at both the bottom and the top of the interval, a total of at 
least 2000 m of Upper Triassic subsidence is indicated. In contrast, - 
central parts of the Anamas Da region, and probably also the site of 
the Dulup platform, seem to have been uplifted above sea level during 
at least part of the Upper Triassic. 
Topographic irregularities are persistent in both the northern 
and southern basins. In some areas (e.g. the Sofular Formation of 
thrust sheet 5 to the east of Akdoan) interdigitation of pelagic and 
redeposited fades is very localized, with a lateral range of only 1 km 
through more than 500'm of sediment. This, together with the evidence 
of slump folding (section 4-2g) indicates tectonic control of sedimenta-
tion, probably by contemporary fault movements. 
The alkali basalt and ankaràmite lavas (Bucak Lava) extruded at 
the platform edge are similar to lavas from areas of continental rifting 
such as the Kenya Rift (King, 1970; Lippard and Truckle, 1977) and Oslo 
Graben (Segaistad, 1977), although they also resemble lavas from many 
oceanic islands, such. as St. Helena (Baker, 1969) and Mauritius (Baxter, 
I- 
19761. Similar lavas are much more thickly developed in the,Godene 
zone of-the southwest segment of the Antalya Complex (Juteau, 1975; 
Robertson and Woodcock, in press c). Delaune-Mayere et al. (1976) 
identify two distinct episodes of differential fault movement in the 
Triassic of the southwest segment. 
All these features suggest an environment of active rifting and 
crustal extension during the Triassic. In the area studied, the main 
- 	faults controlling sedimentation were probably orientated NE-SE, para- 
llel to the margin of the Anamas Dag platform. In contrast to most 
known rifts in continental crust, sedimentary environments in the region 
of rifting were largely submarine and unrestricted. Evaporites, widely 
developed in the early Atlantic Ocean (Evans, 1978; Manspeizer etal., 
1978) and in the western Tethyan regions (Lee and Burgess, 1978) are un-
known in the area studied, although gypsum is recorded in the Triassic 
of the southwest segment of the 'Complex by Delaune-Nayere et al. (1976). 
8-6 Geological history: Jurassic. to Cretaceous 
a) Jurassic sedimentation 
During 'the early Jurassic, basin sequences in the area studied 
shown a transition from sandstone or pelagic limestone (Sofular Forma-
don) to cherty radiolarite and mudstone (Yilanli Formation). Carbonate 
debris continued to be redeposited from platforms into basins. The 
change is probably somewhat.diachronous, since it is - controlled mainly 
by the subsidence of an irregular topography through the carbonate corn-
pensation depth (CCD. In the northern basin (Figure 8-9a) the change 
roughly coincides with, the cessation of input of coarse terigenous 
clastic material. Although Palaepzoic basement was locally expos'ed in 
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the-Sultan Dag region (entre.of the Anamas Dag platform; Nonod, 197]a), 
little detritus seems to have been transported southwards after the 
Lower Jurassic. 
The margins of the Anamas Dag platform show considerable changes. 
at the beginning of the Jurassic. An influx of terrigenous sediment 
(cayir Formation) was followed by re-establishment of open platform 
sedimentation (Yassiviran Limestone) over a somewhat wider area than 
before (Figure 8-9a). The thin sequence at the edge of the platform 
(Yassiviran limestone of thrust sheet B) indicates a positive tectonic 
shelf-edge feature, possibly a trap-door fault system as shown in 
Figure 6-7. Carbonate sedimentation in the Dulup, Hudulca, and Karaca-
hisar platforms (Chapter 6) was essentially continuous, keeping pace 
with subsidence throughout this interval. Carbonate sedimentation is 
also recorded in the çaykoy unit from this time onwards, although it 
may have started in the Triassic. 	. 
b) Late Jurassic to early Cretaceous events 
The uppermost Jurassic (Figure 8-13b) is marked in the platform 
edge zone by a transition from pelletoidal and oolitic limestone (Yassi-
viran Limestone) to radiolarian chert (Zindan Formation), thought to 
have been deposited below the CCD. The abruptness of this change may be 
explained in several ways: 
The CCD was relatively shallow, leading to radiolarite 
deposition right up to the limits of ooid formation. 
The pelletoids and ooids were formed in somewhat deeper 
water than their present-day equivalents. 
The higher parts of the limestone represented carbonate 
material transported into deep water. Turbidite sedimen- 
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tary structures are absent but traction currents could 
have transported the carbonate grains. 
iv) 	Rapid subsidence was accompanied by a non-sequence or 
very slow deposition. 
Explanation (ii) is unlikely since the Yassiviran ooids do not resemble 
the deep-water tlOOjdStt described elsewhere (Jenkyns, 1972). Redeposition 
by' traction currents (iii) is unlikely because many of the limestones 
are poorly sorted packstones. The most likely explanation of this 
sudden fades change is therefore, rapid subsidence through a relatively 
shallow CCD, possibly coinciding with a period of slow deposition. 
Rapid break-up and subsidence of carbonate platforms is a common feature 
of the Mesozoic Tethys, recorded in the Italian Appenines (Bernoulli and 
Jenkyns,1974),the Austrian Alps (Garrison andFischer, 1969) and the 
Hellinides of Greece (Aubouin et al., 1963; Smithet al., 1976). 
Late Jurassic or early Cretaceous is also the age of the Havutlu 
Lava Formation, representing the probable formation of oceanic crust by 
sea-floor spreading to the south of the Dülup platform (sections 2-2m, 
7-4). This is the oldest known ophiolite.fragment in the region. The 
ophiolites of the Tekirova Complex (S.W. of-Antalya) and the Troodos 
massif (Cyprus)are Upper Cretaceous (Thiuzat and Montigny, 1979; Moores 
.and Vine, 1971). Thus it appears that inthe Late Jurassic orEarlyCre -
taceous rapid subsidence on the continental margin is accompanied by 
initiation of sea-floor spreading in an adjacent basin.: A similar rela-
tionship is seen in the early history of passive margins of the Atlantic 
Ocean (e.g. Rob ertsetal.,1980;von Rad and Einsele, 1980). 
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c) Middle to Upper Cretaceous 
The Middle to Upper Cretaceous was a time of continued radio-.. 
larite deposition in basinal areas, with periodic influxes of platform-
derived car&nate deb-ris. Laminated cherty ca1cluti,tes occurring in 
some sequences suggest deposition close to and just above the CCD. 
The platform edge zone (Figure 8-13c), which subsided below the 
CCD at the beginning of the Cretaceous, shows a return of carbonate 
sedimentation (pink pelagic limestone of Kocakent Tepe Formation and 
Gavurçali Tepe Limestone; section 5-5). This was almost certainly due 
to - a rapid fall in the CCD, rather than a tectonic uplift. A similar 
fall in the CCD during the Upper Cretaceous is recorded from the Atlan-
tic Ocean (Le Pichon et al.., 1978). 
Carbonate platform areas become dominated by rudists in the late 
Cretaceous. In the çaykoy platform, the rudist limestones are well 
bedded and sometimes graded. Some may be redeposited by turbidity 
currents, reflecting a progressive deepening. Pelagic Globotruncana-
bearing limestones appear in the Maestrichtian (latest Cretaceous) 
stage, above the Anamas Da, Karacahisar, and çaykoy platform sequences 
(Figure 8-9d). The cessation of shallow-water carbonate sedimentation 
may partially reflect a eustatic 'rise in sea level, but this cannot be 
the only controlling factor, as platform sedimentation was able to keep 
pace with sea level in some parts of the Tauride platform (Susuz Da - 
Poisson, .1977; Akseki region - Monod, 1977a). In the Karacahisar region, 
theMaestrichtian pelagic limestones rest unconformably on earlier plat-
form units., which were tilted gently westward and eroded between Ceno-
manian and MaestrichtAan. An equivalent unconformity is-suggested by 
local dip discordances beneath the pelagic limestone of. the caykoy unit. 
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Both the caykiy unit and the equivalent Davras massif were cut by a 
series of grossly NE-SW' normal faults prior to their emplacement as 
thrust sheets at the end of the Cretaceous. All these tectonic effects 
are probably related to the onset of NE-SE compression responsible for 
the deformation and emplacement of the Antalya Complex, discussed in 
the next section. 
8-7 Geological history: deformation and emplacement 
a) Late Cretaceous to Palaeocene thrusting 
The earliest stage in the tectonisa'tion of the Complex in the 
area studied was probably uplift of the oceanic domain to the south of 
the Dulup platform. As. in niostophiolites, there is no indication of 
the mechanism whereby oceanic crust was initially emplaced onto the 
continental niargin, though gravity sliding is inferred to.have been 
responsible for later stages of movement. A similar late stage of 
gravity sliding occurred during late Cretaceous emplacement of the Oman 
ophiolite, though there it post-dated thrusting of the continental 
margin sequences (Graham, 1980). ' Various mechanisms for uplift and 
emplacement of oceanic crust relative to adjacent continental margins 
have been proposed (Dewey, 1976). These include attempted subduction 
of continental crust at. . an ocean trench (e.g. Gealey, 1977), collapse 
of a marginal back-arc basin, (e.g. Dewey and Bird, .1971), and'.uplift. 
associated with volume increase due to serpentinisatiQn of ultramaf Ic 
mantle rocks (Smith and Woodcock, 1976). In the southwest segment of 
the Complex, Woodcock and B,ohertson (in press) show that emplacement was 
associated with strike-slip faulting. In the area of this study there 
is no evidence to favour any one of these mechanisms, although emplace- 
ment associated wjth. strike-sli,p faulting seems unlikely jn the light 
of the thrust-dominated tectonic style of this .part of the Complex. 
The onset of deformation - in the various sequences ispoorly dated 
in the area studied, but was probably diachronous, starting earlier in 
the southwest. Debris eroded 'from deformed parts ofthe Complex was 
redeposited in undeforined areas as polymict conglomerates sandstones 
and mudstones .(Göynuk.Formation). All parts of the Complex were above 
the CCD which was probably very deep at this. time (Le Pichon et.al ., 
1978). 
Ophiolite-derived detritus did not reach the platform edge zone 
until very late in the Maestrichtian stage. No debris at all is seen in 
the northeastern part of this zone. Instead, this area shows a return 
of radiolarite sedimentation above Naestrichtian pink pelagic limestones 
(top of the Gavurçali Tepe Limestone). Deformation did not reach the 
platform. edge zone until latest Maestrichtian or earliest Palaeocene 
times, and affected only the southwestern part of the zone (Figure 8-13d). 
b) Tertiary, history 
Following deformation of the Complex at the end of the Mesozoic, 
there is a break in the sedimentary record in the area mapped. Sedimen-
tatlon continued in the Anamas Dag area to the northeast, where uncon-
solidated late Cretaceous pelagic .limestones were reworked in the Palaeo-
cene, - producing mixed assemblages of planktonic Foraminifera (identified .  
by G. Glaçon). A thin sequence of Eocene nummulitic limestonés is over-
lain in this region by térrigénous and calcareous turbidites (flysch) 
derived from thrust-sheets . (Beyehir-Hoyran Nappes - Brunneta1.,l97l) 
emplaced from the northeast during the Eocene. 
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It is notr known whether •the' mapped' area was above or below sea 
level during this interval.. West of Lake Eridir, the Antalya Complex 
is overlain unconformably by Middle to Upper Eocene conglomerates and 
nummulitic limestones (Kalakan Limestone - Gutnic, 1977; Gutnic et a1., 
1979), suggesting that the Complex in that region was above sea level 
until shortly before Eocene deformation. However further west, near the 
town of Isparta, the Davras Dag massif (a continuation of the caykoy 
unit) is apparantly overlain with slight unconformity by Palaeocene red 
marls and Eocene flysch (Gutnic et al., 1979). 
The northeastern part of the mapped area was strongly deformed in 
the late Eocene, with the formation of thrust 'sheets A to D, overthrust 
towards the southwest (section 3-4). Later folding affecting the south-
west corner of the mapped area was probably 'associated with the post-
Tortonian (U. Miocene) thrust event recorded by Akbulut'(1977) in the 
Sutculer region to the south of this study, and by Allasinaz et al. 
(1974) along the southern edge of the Davras Dag massif (the Aksu Phase 
of Poisson, 1977). 
Also, in the Siitciiler region, Akbulut (1977) records a Miocene 
unconformable cover overlying the Antalya Complex. In the area of this 
study, however, the only post-tectonic cover is lacustrine limestone 
and alluvium, probably' of Pliocene to Recent age. 
8-8 Continental. 'margin subsidence 
The northeast Antalya Complex is inferred to have lain between 
an 'extensive shelf floored by Palaeozoic rocks (Anatnas Dag platform; 
Brunn et al., 1971) and a region of Cretaceous ocean floor (represented 
in.the area studied by the Egridir Kizil Dag Harzburgite and the Havutlu 
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Lava Formation). This section compares the evolution described in 
sections 8-5 to 8-7 with -that of other continental margins. 
The early history of most modern passive continental margins 
can be divided Into two stages. An early rifting stage is character-
isedby normal faulting and alkaline volcanism. This is-followed by a 
spreading stage; 	sea-floor-spreading in the adjacent ocean basin 
is accompanied by -flexural subsidence of the margin as a whole (Falvey, 
1974; Charpal et:al.,1978). 
The evolution of the northeast Antalya Complex appears broadly 
to follow this pattern. The late Triassic was clearly a time of differ-
ential uplift and subsidence along normal faults.. The Jurassic interval 
shows less evidence of volcanic and tectonic activity. Nevertheless, 
thin sequences in the-shelf edge zone attest to continued differential 
vertical movements, while volcanic activity is recorded further north-
east within the Anamas Dag platform by Gutnic (1977) and Gutnic and' 
Juteau (1973). The Jurassic must therefore be regarded as a relatively 
quiescent interval within the rifting stage. Renewed vertical movements 
- principally a.rapid subsidence of the shelf edge zone (section 6-5j) 
- are seen at the end of the Jurassic. These too must be considered. as 
rifting-stage events, as they are localized to certain platform areas. 
However,, sea-floor- spreading probably began very- soon- afterwards (section 
7-6), marking - the end of the rifting stage.. Thereafter, it is likely 
that thernargin -subsided as a whole. .- There is no evidence forfurther 
differential fault movement until the onset- of late Cretaceous deforma- 
tion. 	 - - 
Present-day passive continental margins with a history of low 
sedimentation rates (e.g. Rockall - Roberts et al., 1980; Biscay - 
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Charpalet al., - 1980) generally -show an exponential subsidence history - 	- 
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during the, spreading phase (Figure 8-10). Near the continent/ocean 
crustal boundary, subsidence approximately follows the Sclater and 
Francheteau (19701 curve typical of cooling ocean floor.' Further from 
the ocean, the crust of sediment-starved margins subsides more slowly. 
Continental margins with. high sedimentation.,rates, on the other hand, 
often show much greater subsidence than the- -adjacent oceanic crust 
(Figure 8-11; von Rad and Einsele, 1980). This is in part 'attributable 
to the isostatic effect of the sediment pile, but other effects, such as 
erosional thinning of crust during rifting (Sleep, 1971) or deep crustal 
phase changes (Falvey, 174) must contribute to the subsidence of these 
margins. 
Continental margins of the Tethys Ocean seen in S.W. Turkey (this 
study; Brunn et-al., 19,71; Delaune-Mayere et al., 1976) and 'elsewhere 
in the Mediterranean (Smith etal., 1976; Bernoulli and Jenkyns, 1974) 
have thin spreading-stagesedimentary sequences and low, subsidence rates; 
for éxample,a maximum of 800 rn Cretaceous shallow-water sediment is 
seen in the Anarnas Dag platform (Figure 6-5). Structurally, therefore, 
they resemble the starved margins of Biscay and the northeast Atlantic, 
rather than 'the highly subsident central Atlantic margins. 
'Sedimentologically and geographically, however, the closest 
modern analogue of the Antalya margin is found in the central Atlantic. 
The present-day Bahama Banks, show a pattern of carbonate platforms and 
basins on asimilarscale to that deduced for the Antalya Complex 
(Figure 8-12). 
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CHAPTER 9. REGIONAL IMPLICATIONS; ANTALYA COMPLEX AND TETHYS OCEAN 
9-1 Introduction: the Tethys 
Reconstructions of the positions of the major continents at the 
end of the Palaeozoic (e.g. Bullard et al., 1965; Smith et al., 1973), 
reveal that.a large wedge-shaped gap existed between the southern and 
northern continents (Figure 1 - '3). The crust of this area was consumed, 
presumably by subduction, during the Mesozoic. This crust must there-
fore have been mainly oceanic. The wedge-shaped area is known as the 
Tethys Ocean. 
Most parts of the Alpine-Mediterranean mountain chains are under-
lain by continental basement at the present day. Much of this basement 
probably represents continental fragments which originally lay between 
Africa-Arabia and Eurasia. There is no general agreement on the initial 
positions of these fragments, although several solutions have been pro-
posed, based on a combination of least-squares fitting of fragments, 
interpretation of on-land geology and marine geophysics, and the rela-
tive movements of Africa and Eurasia deduced from the record of Atlantic 
sea-floor spreading (Smith, 1971; Bosellini and Hsu, 1973' 	etal., 
1973; Biju-Duval etal., 1977). Most of these reconstructions treat 
Turkey as a single block, initially placed against the northern margin 
of the Africa-Arabia continent (Gondwanaland). 	 . 
There is now little trace of the original (Palaeozoic) floor of 
the Tethys ocean, although. pre-Jurassic ophiolites have been identified 
in northern Turkey (engor, 1979.; engör et al., .1980). The vast major -
ity of the ophiolites of the Alpine-Mediterranean mountain belts repre-
sent oceanic crust formed in the Jurassic or Cretaceous and emplaced in 
Cretaceous or Tertiary time. The formation of this oceanic crust is 
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therefore probably related to the separation of "microcontinents" from 
the margin of the Tethys, rather than to spreading within the central 
part of the ocean (Smith, 1973). 
Any attempt to trace the history of the Tethyan microcontnents 
in the evolution of the Alpine-Mediterranean region must.taken into 
account both the movement of each fragment and the further subdivision 
and shortening suffered during Cretaceous and Tertiary deformation. 	- 
With present information, this complex palinspastic problem cannot be 
uniquely solved even in a region as small as the "Isparta angle" of 
southwest Turkey. However, data from this study place certain con- 
straints on the reconstruction which have not been recognized in previous 
studies. 
9-2 Tectonic setting of the northeast Antalya Complex 
a) Extent and subdivision of the Antalya Complex 
The extent of the Antalya Complex in S.W. Turkey is indicated in 
Figure 1-2. The Complex forms an irregular southward-widening belt 
through the centre of the Isparta angle, separating the major carbonate 
platform massifs of the Anamas Dag and Bey Dalari. To the northwest of 
the area of this study, the Complex extends as far as Barla Da (Figure 
1-2, 8-1) where it disappears below Tertiary thrust sheets (Gutnic et 
al., 1979). To the south of Eridir -the Complex extends for 60 km 
before disappearing below Miocene to Quaternary post-tectonic sediments. 
Further to the southeast,-- in the Akseki region (Figure 1-2) the Complex 
reappears, resting tectonically above Eocene flysch. of the Akseki plat-
form (continuous with the Anamas Da), although olistostromes in the 
platform sequence show that it was first emplaced onto the platform edge 
226 
in the latest Cretaceous (Monod, 1977). In this region the metamorphic 
Alanya Massif is juxtaposed with the southern edge of the Complex along 
a high-angle fault which. probably flattens with depth (Pemirtali et 
al., 1977). Argyriadis (1974) records a tectonic window revealing 
Antalya Complex rocks beneath the massif. The rocks of the Alanya 
Massif, which include fossiliferous Permian limestones, are metamor-
phosed probably in greenschist to amphibolite fades, although poorly 
documented glaucophanitic assemblages are mentioned by Dewey et al. 
(1973) and Robertson and Woodcock (1980b). 
West of the Gulf of Antalya, the Antalya Complex is divided by 
Robertson and Woodcock (1980b) into four zones (Figure 9-3). The 
Kumluca Zone is characterised by .a Triassic to Cretaceous sequence 
(Alakir cay Group) closely analogous to that of thrust sheet 4 in the 
Eridir region. Traced northwards, increasing amounts of redeposited 
carbonate appear, in sequences analogous to those of thrust sheets 5 
and C in the area of this study (B.ilelyeri Group - Robertson and Wood-
cock, in press b; çatal Tepe Unit - Poisson., 1977). The sediments of 
the Kumluca Zone are deformed by west-vergent folds and imbricate. 
thrusts, and emplaced above Eocene or Miocene carbonates and detrital 
sediments of the Bey Dalari platform. 
East of the Kumluca Zone, the G6dene Zone (Robertson and Wood-
cock, in precc c) is characterised by a thick sequence of Triassic lavas, 
overlain by a sequence of Triassic to Cretaceous sandstone, hemipelagic 
limestone, and radiolarite. The zone is cut by north-south high-angle 
serpentinite belts enclosing fragments of basic and ultrabasic plutonic 
rocks, which. suggest that the lavas are the upper part of an ophiolite 
suite representing oceanic or transitional.crust. The Kemer Zone 
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(Figure 9-3) consists of a series of north-south orientated s1ces of 
Mesozoic platform and slope carbonates, resting mainly on Palaeozoic 
basement, though some carbonate slope-breccias can be traced out over 
the lava basement of the adjacent Gödene Zone. The Kemer Zone is 
interpreted as a series of off-margin carbonate platforms analogous to 
the çaykby platform of the Eridir region. 
Finally the Tekirova Zone Js represented by a well preserved 
partial ophiolite sequence (Figure 7-2) extending from upper-mantle 
harzburgite to the base of the sheeted dyke complex (Juteau, 1975, 
Juteau et al., 1977). The suite is dated as Upper Cretaceous by 
Thiuzat and Montigny (1979). 	 . . 	 . 
Figure 8-6 illustrates the evolution of these zones as inter-
preted by Woodcock and Robertson (in press). The deformation in the 
southwest segment of the Complex is thought to have been dominated by 
strike-slip faulting along roughly north-south surfaces; in contrast to 
the predominantly compressive overthrusting seen in the area of this 
study. 
b) Tauride. PlatfOrm units 
The Isparta. angle is framed by two extensive Triassic to Tertiary 
carbonate platforms assigned to the Taurus Autochthon by Brunn et al. 
(1971), and to. the "Taurus Limestone Axis" of Ricou et al. (1975). 
To the north and east of.the Antalya Complex, the Anamas.D.a 
massif passes southwards into the Akseki region, studied by Monod 
(1977a). This massif is divided into parautochthonous slices ("wedges") 
by thrust faults possibly accounting for over 50% shortening of, - the 
cover. The direction of overthrusting is towards the west and south-
west. Within the slices, aJurassic to Eocene carbonate sequence 
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overlies Triassic dolomites, limestones, and clastic sediments, in turn 
resting on Cambrian to Ordovician limestone and shale. In the adjacent 
Karacahisar region (Chapter 8, and Dumont, 1976a), a much thicker 
Triassic sequence overlies a varied and faulted Palaeozoic basement. 
To the northwest, the Anamas Dag platform can be correlated with the 
Barla Dag massif., characterised by a pelagic and redeposited mid-Jurassic 
to Tertiary sequence assigned to the platform-edge zone (Chapter 8). 
To the south and west of the Antalya Complex, the Bey Dalari 
platform massif is characterised by a carbonate platform .sequence ex-. 
tending fromTriassic to Miocene (Poisson, 1977; Gutnic et al., 1979). 
The underlying basement is-not exposed. In marginal areas on the north 
and east of the massif, Tertiary (Palaeocene to Miocene) tilting and 
subsidence is associated with the progressive tectonisation and emplace-
ment of the Antalya Complex onto the platform edge. Synclinal areas 
within the massif show sequences of Lower to Upper Miocene clastic sedi-
ments derived both from the Antalya Complex to the east and the Lycian 
Nappes to the west (Hayward and Robertson, in press). Palaeocurrents 
and the stratigraphic continuity of these sequences prohibit the Middle 
Miocene emplacement of the Antalyq Complex over the Bey Dàlari as pro-
posed by Ricou et al. (1979). 
The platform carbonates of the Davras .Dag and caykoy unit are 
included in. the "Taurus Autochthon" by Brunn et al. Evidence from the, 
area studied indicates (Chapter 8) that they probably represent isolated. 
carbonate platforms within the Antalya Complex basin. They are there-
fore here included in the Antalya Complex. Furthermore, the extreme 
shortening (probably over 80%) seen in the northeast Antalya Complex 
indicates that the Anamas Dag and Bey Dalari platforms were separated 
in this region by at least 100 kmand probably much more. It is there- 
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fore difficult to envisage any shallow-water connection between the two 
platforms. The terms "Taurus Autochthon" and "Taurus Limestone Axis" 
should therefore be abandoned. 
c) Tertiary allochthons 
Resting tectonically upon Eocene flysch at the top of the Anamas 
Dag platform sequence, the Beyehir-Hoyran and HadimNappe systems 
(Blumenthal, 19.47; Monod, 1977a; bzgül, 1976) comprise a variety of 
Mesozoic igneous and sedimentary rocks including: 
1) 	Palaeozoic and Mesozoic sediments representing the 
transported northern edge of the Anamas Dag Akseki 
platform (Badeinli Unit).. 
Massive Triassic limestones (Gencek Unit) as blocks in 
late Cretaceous wildflysch. 
Mesozoic condensed pelagic sequences overlying Triassic 
1. 
tuffs (Huglu Unit) or Triassic massive limestone 
(Boyali Tepe. Unit). 
.Ophiolite fragments. 
The nappes were transported from the northeast, arriving in their 
present position in late Eocene time, although earlier phases of defor -
mation are recorded .in the nappes. Their emplacement was associated 
with the dissection of the Anamas Da - Akseki platform into parautoch-
thonOus slices. Thrusting also affected the. northeastern part of the 
Antalya Complex at this time (Chapter 3). 
West of the Antalya Complex, the Lycian Nappes rest on the 
western edge of the Bey Dalari platform. The sedimentary sequences of 
the Lycian Nappes are too varied and numerous to describe here. The 
reader is referred to Poisson (19.77) or Gutnic et al. (1979) for a more 
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complete stratigraphic summary. The latest, southward movement of the 
Nappes occurred in the Middle 'Miocene; at. .least 50-km is demonstrated 
by the Gbcek Window (Graciansky, 1970; Brunn et al., 1971). Overturned 
Eocene flysch sequences at the base of the base of the nappes were pro-
bably deposited in advance of the nappes during a preceding phase of 
movement. Still earlier stages of deformation are recorded within the 
nappe pile by. Maestrichtian olistostromes overlain unconformably by . 
Palaeocene sediments. Other units of the Lycian nappes include perido- 
tites, massive Triassic Limestones, and pelagic sediments of Jurassic to 
Cretaceous age. 
To the north of the Lycian nappes lies the Menderes Massif, con-
sisting of foliated gneiss and schist overlain by a "cover sequence" of 
marbles and limestones. The top of this sequence is though to be of 
Eocene age (Boray et al., 1973). The date of metamorphism is poorly 
known. Poisson (1977) concludes that at least some Lycian Nappe sequences 
(deformed in the Cretaceous) were transported over the massif from an 
original position further north. However, the presence of Cretaceous-
deformed sequences south of the Menderes massif could also be explained 
by either (i) successive thrust events involving transport in different 
directions, or (ii) multiple Cretaceous belts of deforr4ation. It is 
possible that some of the ophiolites, olistostromes, and pelagic sediment 
slices represent parts of the Antalya. Complex emplaced in the Cretaceous 
and later remobilised. by Tertiary thrusting in the Lycian Nappes. 
d) Other areas 
Relationships between the Antalya Complex and the analogous 
Mesozoic continental margin sediments and ophiolites of Cyprus, Hatay, 
and Bar-Bassit (Figure 9-1) are summarized by Robertson and Woodcock 
- 	(1980b). In Cyprus, sedimentary sequences.indistinguishable from those 
of the Pazarköy and .Alakr Cay Groups occur in the Mamonia Complex, as 
slide sheets (Ayiös Photjos Group) emplaced above-a sequence of sedi-
ments and mafic lavas analogous to those of the Gödene Zone (Dhiarizos 
Group) during :the Maestrichtian. Both groups are tectonically juxta-
posed with the Cretaceous Troodos ophiolite along high-angle faults of 
probable strike-slip origin (.Swarbrick, 1979, 1980). Palaeomagnetic 
results from .the TroodOs indicate an anticlockwise rotation of approxi- 
mately 90° ,since its formation in the.Cretaceous (Moores and Vine, 
1971; Lauer and Barry, 1979; Shelton and Gass, 1980), leading Robertson 
and-Woodcock (1980b) to suggest anoriginal position in the gulf of 
Antalya (Figures 9-1, 9-2). However, available palaeomagnetic results 
from Africa, the Levant, and Eastern - Turkey (Hadzi et al., 1976;Orbay 
and Bayburdi, 1979) indicate rotation of these' units also, albeit by a 
lesser amount. A.more conservative: hypothesis of Antalya-Troodos.rela-
tionships is suggested below. 
e) The Troodos Ocean 
The ophiolites of Antalya, Cyprus, Hatay and Bar-Bassit occur in. 
a relatively external position in the Tauride mountain belt to the south 
of major Mesozoic to Tertiary carbonate platforms, in contrast to the 
ophiolites of the Hellenides, which clearly originated to .the north of 	. 
platforms represented in the Gavrovro and Pre-Apulian zones (Aubouin, 
1963), thought to be continuous with.-the Bey Dalari and Nenderes 
Massif.s (Brunn et., .1976). Ricou .et 4.. . (,1974, 1975, 1979) and Monod 
(1976b) favour a tectonic explanation for this phenomenon, in which 
the external ophiolites and pelagic sediments of Antalya, Cyprus, and 
Bar Bassit are interpreted as klippen of late Cretaceous nappes trans- 
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ported southwards over the carbonate platforms. As shown in Chapter 8, 
this hypothesis is not tenable for the Antalya Complex, In Cyprus also, 
the continuous record of pelagic sedimentation above the Troodos 
.ophiolite (Robertson.and Hudson, 19741 precludes Cretaceous long-
distance nappe transport from the north. These ophiolites must there-
fore have originated in an oceanic basin between the platform of Anamas 
Da-Akseki and the continental massif of Africa and Arabia. This basin 
is here .termed the Troodos Ocean (Robertson, 1978b) but is in part 
equivalent to the "Pamphyllian basin" of Dumont et al. (1972a,b), 
"Tethys 2" of Dewey et al. (1973), and to parts of the. "Mesogea" of 
Biju Duval et . al. (1977). 
An extension of the Troodos ocean, represented by ophiolite frag-
ments in the northeast Antalya Complex, separated the Bey Dalari and 
Anamas Da-9 platforms. This extension may have communicated with the 
Pindus, Othrys, or Vardar Dphiolitic zones of Greece (Aubouin, 1963; 
Smith, 1976). There is no evidence to indicate whether the Bey Dalari 
platform was separated from the African margin byan oceanic zone during 
the Mesozoic. 
The nature of the crust beneath the present-day East Mediterranean 
is poorly known owing to the great thickness of Tertiary sediment (Lort, 
1977). Recent evidence (T. Mãkris, pers. comm.) suggests oceanic crust 




9-3 A conjectural history of the Antalya Complex 
a) Rifting 
Figure 9-4 is an attempt to show some general features of the 
evolution of the Antalya Complex in the southern Tethys. 
Frame 1 shows a broad zone of Middle to Late Triassic rifting 
cutting the previously continuous northern edge of .Gondwañaland. A 
and B represent the future Anamas Dag and Bey Dalari platforms. The 
geometry of the re-assembly of these fragments is very poorly con- 
constrained. The arrangement, shown resembles that adopted by Biju-'Duval 
et al. C1977). The Bey Dalari platform is placed adjacent to the 
Levant Margin (Bein and Gvirtzman, 1977) as postulated by RObertson and 
Woodcock (1980). 
Within the rift zone, carbonate banks are established in the 
Late Triassic on horsts. Subsident areas are characterised by turbi-
ditic sandstones and hemipelagic limetones (e.g. Sofular Formation). 
Great thicknesses of lava were erupted between B and L (Gödéne Zone - 
Robertson and Woodcock, in press c; Cyprus Phasoula Lava - Swarbrick, 
1980). Limited generation of oceanic crust may have taken place in 
this region in a tectonic environment analogous to present-day Afar in 
the southern Red Sea region (Pilger and Rosler, 1975), though largely 
below sea-level. Closely analogous Triassic rift environments on the 
south Tethyan margin are recorded in Austria (Laubscher and Bernoulli, 
1977), Greece (Smith.etal., 1975),. Oman (Glennie et al., 1974; Graham, 
1980), etc. 
Further north in the Tethys, convergent movements culminated in 
Lower Jurassic ophiolite emplacement (engör, 1979). Following this 
event, extension on thesouthern margin became localised north of the 
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Anamas Dag and Bey Dalari, platforms, accounting for break-up and sub-
sidence of carbonate platforms in these regions (Posson, 1977; Monod, 
1977a) analogous to that.seenin Austria, the Apennines, and Greece 
(Bernoulli and Jenkyns, 1974). Jurassic sea-floor spreading is recorded 
by ophiolites in Greece (iHynesetal.,  1972) and northern Turkey 
($engor et al., 1980). In contrast, the Antalya and Mamonia Complexes 
record a relatively quiescent history of Jurassic subsidence. 
Spreading 
Renewed extension in the area of map 2 (Figure 9-4) began near 
the Jurassic-Cretaceous boundary, recorded by rapid subsidenceof the 
platform edge zone (Chapter 8), widespread deposition of manganiferous 
hydrothermal sediments (Chapter 5;. Robertson, in press), and the forma-
tion of the Antalya, Troodos, Hatay,.and Baër-Bassit ophiolites. 
Spreading may have been initiated as .a result of late Jurassic changes 
in the motion of Africa and Europe (Pitman and Talwani, 1972; Dewey 
et al., 1973) or events in Greece where early Cretaceous ophiolite 
emplacement occurred (Smithetal., 1975). The oblique opening of the 
Troodos Ocean between B and L (Figure 9-4) is conjectural, based on 
limited palaeomagnetic data (Hadzi et al., 1976). An alternative north-
south spreading direction is suggested by Robertson and Woodcock (1980b). 
Convergence 
Major late Cretaceous changes in the relative motion of Africa 
and Europe (Pitman and Talwani, 1972; Smith, 1971) led to thrusting of 
continental margins in Antalya, Hatay, Baër Bassit, and Oman. Emplace-
ment of the Antalya Complex (shaded area, map 3, - Figure 9-4) Involved 
important strike-slip movements on the margin of the Bey Dalari plat- 
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form (B). The emplacement of oceanic crust(structurally high ophiolite 
thrust sheets) was facilitated by the intermittent earlier history of 
spreading, which juxtaposed hot Cretaceous ocean floor with older sub-
sided marginal crust. 
The central part of the Troodos Ocean.was not destroyed. Late 
Cretaceous to Palaeocene calc-alkaline and shoshonitic volcanism in 
Cyprus (Baroz, 1980) suggests development of an island arc associated 
with intra-oceanic subduction, in contrast to the continental collision 
to the Vest (Antalya) and east (Hatay, Baër Bassit). Locally, sedimen-
tary sheets were displaced from the African or Bey Dalari margin by the 
late Cretaceous tectonic events,, sliding onto adjacent transitional 
oceanic crust (Mamonia Complex, Cyprus). 
d) Tertiary history 
Following emplacement of the Antalya Complex, convergence resul-
ting from the palaeocene to Miocene northward movement of Africa was 
taken up along the northern margins of.blocks A and B, resulting in 
the emplacement of the Lycian and Beyehir-Hoyran-Hadim Nappes (LN and 
HN) southwards across their relative autochthons (map 4, Figure 9-4). 
Because the amount of shortening in these events is unknown, the original 
north-south width of blocks A and B (maps 1 to 3) is conjectural. Some 
remobilisation of the southwest Antalya Complex occurred during the 
period (Brunn et al., 1971). 
Map .4 (Figure 9-4) shows the situation at the end of the Middle 
Miocene. Correlation between the Lycian Nappes (LN) and the thrust 
sheets of the Helienides (Fl) is shown schematically; details of the 
correlation are disputed çBrunn et al., 1976; Ozgül and Arpat, 1973). 
/ 
Continuity between the Bey Dalari - Menderes Massif s of Turkey and the 
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Pre-Apulian - Gavrovro. platforms of Greece is assumed in the construc-
tion of the earlier maps (Brunn et al., 1976; Dumont et al., 1980). 
Thrusting along anarrow belt to the south of the Davras Dag  
Massif (Figure 8-1) took place in late Miocene time. (the Aksu phase of 
Poisson, 1977; marked in Figure 9-2). This was the last episode of 
relative movement between the Anamas Dag and Bey Dalari platforms, 
probably associated with'the initiationof westward movement of Anatolia 
which persists to the present day. Along the Aksu thrust,. Antalya Com-
plex sediments are transported southwestwards over thick Tortonian (U. 
Miocene) conglomerates deposited in a basin located in the middle of the 
Isparta angle, possibly indicating a remaining region of thinned mar-
ginal crust betweén:the two convergent blocks. Thrusting appears to 
become less important towards the northwest (see maps of Gutnic et al., 
1979) suggesting a pivoting movement between the two blocks about a 
point near Dinar (Figure 9-2), but the amount of rotation is unknown. 
In the construction of earlier frames (1 to 4) of Figure 9-4, the Bey 
Daiari massif is rotated about 45P sothat.the strike-slip faults of 
the southwest Antalya Complex become approximately parallel to the con-
vergence direction in the northeast segment (Chapter 3). This amount 
of rotation also approximately restores the Troodos ophiolite to its 
original orientation relative to theLevant (Hadzi et al., 1976), 
assuming Cyprus to have remained fixed to the Bey Dalari at this stage. 
Frame 5 of Figure 9-4 shows the present-day configuration, inclu-
ding the traces of the thrust fronts of the Lycian Nappes (LN), the 
Beyehir-Hoyran-Hadim Nappes (HN) and the Aksu thrust (a) on the present 
erosion surface. The position of the continent-ocean, boundary to the 
north of the African continent is uncertain. 'Recent geophysical results 
(J. Makris, pers. comm.) indicate that in-situ remnants of the Troodos 
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ocean arepresent on an Egypt-Cyprus prof ile, but are absent between 
Crete and north Africa. Present day plate boundaries (Figure 9-5) are 
located south of Crete and Cyprus, and in north and east Anatolia, 
though western Turkey is characterised by.a diffuse 	zone of graben 
formation and north-south extension (McKenzie, 1977). 
9-4. Origin of the Isparta angle. 
Chapter 1 raised the question of the relationship between the 
Antalya Complex and the origin of the Isparta angle, the north-pointing 
cusp at the junction of the Hellenide and Tauride arcuate thrust belts. 
The Isparta angle must now be regarded as a composite structure resulting 
from. the irregular interaction between three large and several minor 
masses of continental basement overlain by platform carbonates during 
repeated tectonic episodes from Upper Cretaceous to Miocene. 
Initially, the Antalya Complex was emplaced during convergence 
of the irregular, non-matching continental margins of the Complex; 
dco11ement and thrusting of the sedimentary cover was probably accom-
panied by telescoping of the underlying basement, thinned during 
earlier rifting. The southern Antalya Complex was affected mainly by 
strike-slip faulting, with less thickening of the underlying basement. 
The present aspect of the Isparta angle arose during Palaeocene 
to-Miocene southward thrusting of the main Tauride and Hellenide (inclu-
ding LycianNappes) ranges. Why should the junction between these belts 
coincide with the earlier suture between two major platforms?; Recent 
recognition of the role of surface topography in the movement of thin-
skinned thrust sheets (Elliott, 1916; Chappie, 1918) in foreland thrust 
belts suggests a possible explanation. Figure 9-6 shows irregular micro- 
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continental massifs impinging on an initially straight zone of north-
ward underthrusting such as a suliduction zone. Thickening due to over-
lap of continental crust and th±ck platform sediments will he greatest 
at points A and B, causing thrust sheets to advance radially from these 
points as convergence proceeds. The thrust stack formed by decollement 
of pelagic sediments at P will contain a much smaller volume of rock 
than those at A and B, leading to a much slower advance of the thrust-
front.. Arcuate thrust belts centred at A and •B will join at an angle 
which, is likely to be close to the narrowest part of the 'composite 
inicrocontinént. In the Taurides this was the site of earlier suturing'. 
A final stage in the closing of the Isparta angle occurred in 
the late Niocene when the Aksu phase of thrusting was conce ntrated in 
the remaining oceanic or transitional gap between the major platforms. 
Some Mesozoic oceanic crust probably remains in the Gulf of Antalya 
(Figure 9-2). Post-Miocene plate convergence has largely been accomo-
dated to the south of Cyprus. 	 ' 
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